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SPECIAL NOTICE. 

SMOKE ABATEMENT APPLIANCES. 



PEMANEIT EXHIBITION AM SALE EOOMS, 
GARFIELD BUILDINGS, 150 HOLBORN BARS, LONDON, E.C. 

Conducted under the Personal Management of Mr. WILLIAM STOBBS. 



Those commtKUous premises have been opened to supply the want of a 
CENTIIAL DEPOT in a convenient position for the EXHIBITION and SALE of 
appliances necessary to tlie Al)ateincnt <if Hie SMOKE NUISANCE, of rateulej 
Articles, and oiher Goods. 

GRATES, STOVES, KITCHENERS, HEATERS, STEAM 

BOILERS, FURNACES, SMITHS' FORGES. AND 

OTHER APPLIANCES FOR BURNING SMOKELESS COAL, 

AND BITUMINOUS COAL SMOKELESSLY, 

sh;o"wit I3sr jlctioit. 

Gas Heating and Cooking Stoves, and all Classes of Domestic Warming and 

Cooliing Appliances, Stoves, &c., for Pnblic Buildings, and 

Smoke-Preventing Appliances for Factory and otiier Industrial Purposes, 

THE WILSON PATENT STEAM SAFETY ALARM 

THE ST. JOHN'e i»ATENT GAS APPARATUS. 

The at^ 'anufacturers is invited, 

oromptly dealt with. 



BS & CO. 



75 PER CENT. LE$$ FUEL mUl 

And PERFECTION and ECONOMY in COOKING by OSIHG the 

Treasure Cooking fiange. 

UNSURPASSED FOR DURABILITY. 



THE FIRST PRIZE 

Was awarded to the Patentee, after nearly One Thotisand Tests of a 

variety of Ranges, for best Smoke-Preventing and Coiil Burning, by the Smoke 

Abatement Exhibition, Ladies' Committee, South Kensington. 

{Vide Times, July 18t!i & 19th, 1882.) 

ALSO 

THE GRAND PRIZE BY THE EXHIBITION 

(FIRST SILVER MEDAL). 

CHEAPEST COAL MOST SUITABLE. 



ILLUSTRATED PRICE BOOKS POST FREE. 



T. J. CONSTANTINE, 61 Fleet Street, E.C, 
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GARNANT BIG VEIN ANTHRACITE COAL 

{The Coal used, with very great success, in the official tests with Open Grates and Stoves). 

GARNANT COLLIERIES CO., 

LETRIOHEU X & DAVID , SWANSEA. 

REPORT from Ca. A. Cimeeok, K^q,, M.D., F.B.C.S.I. ; Profeaaor of Chemistiy and Hygiene 
in the Boyal College of Sargeoos, Ireland ; Analyst for Dublin and the Royal Agricnltaral 
Society, Ac. Ao. :— 

* I hsTB GZHmined a ■pecimen of Gamuiit Big Veia M&tLing Conl. Bubmitlcd to me for tbat pnrpoM bj Uassn. 
LBTBtcnstnc & Dino, aod the followiog an the results at vhlch I hare arrived : — 
100 Par« wntain— 
HoiatDrs , . O'lOT 

Carbon S3-6fi8 

H;diogen 3109 

SSS™ } *■"• 

Snlphor 0'120 

Ash 0-438 

lOOiM 

SpBciflo Orarii;, 1'379. 

' Thii i> a moat raloitbls AnChneits Coal, Bptdnllv adaplsd for tiie naa of the MaUeter. It prMtieallj 
IfftTM no Mh, Bvolrei do nuoke during il« CDtntiuation, ooil ii very free from sulpLur. 

' It (Jecrupiintei very iligbUy when flriC heated, aod when iDcajideiceiit bumi Et«tdily, ilowly, and with 
■Tolatian of iateaM be^ 

(Signed) 'CHABLE3 A. CAMKBOS.* 

The attention of conBomere is specially invited to the fallowing : — 

1. The enccess of the homing of Anthracite Coal in honne fires at the recent Smoke Abatement 

Exhibition was very great (see reports) and Oarnant Big Veia waa lued almost ezcloiiTely 
in the official teats of open grates and stoves (compare above analysis nith that given in 
ProfesBOr Chandleb Bobbkts'b report, page 38). 

2. Gamant Colliery is the only colliery working tho Big Vein in the Garoant Valley. This vein 

of coal is well known to improve very mnch in quality and purity westwards, i.e., from the 
Swansea Valley ; farther west than Qamant Colliery it is either worked out or abandoned. 

3. Oamant Colliery works no other seam j bat it has, however, by reason of recent heavy outlay, 

opened out an unlimited extent of this Gamant Big Vein, Elaborate screens have lately 
heen erected at the colliery, by which ooal of any size can be selected ; and all the coal is 
most carefully handpicked. 

4. It is essential to the successful burning of Anthracite that the coal used should be as pure aa 

possible, and the Garuant Big Vein excels in this. It makes, especially with a downward 
or backward draught, a very bright, glowing, and clean fire; it throws off no salphurons 
fumes, makes very little ash, and is perfectly smokeless. It is preferred beyond all other 
coals in the local house coal market. 

5. The Oarnant Big Vein is epeBinUy favoured by Mr. Dowsos for the making of his Dowaon Gas, 
It makes a gas very pure and rich in marsh gaa (C H,). This gas is 50 % cheaper than 
ordinary gaa per unit of work done, for use in gaa engines, and for heating purposes, Ac. 
ifiw pages 22, 33, and 112-114 of the report). It was awarded the chief prizes in the whole 
Bihihition. 
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SMOKE ABATEMENT EXHIBITION, 1882. 



EEPOET OF THE COMMITTEE. 



r presenting the following aeries of Reports the Executive Conuniltee would briefly 
direct attention to the labours that have preceded their own, and to the nature of the 
work they have endeavoured to continue. 

Complaints as to the deleterious and obnoxious charaoter of smoke evolved during 
the combustion of coal appear to liave followed its gradual substitution for wood as fuel. 
Sir Hugh Piatt, writing about the year 1594, was probably the first to suggest suitable 
admixtures of coal and other substances which gave less irritating smoke than coal alone. 
Evelyn's eloquent protest in his Fumifugiv/m,, printed in 1661, ia well known, as is also 
Lis proposal ' that by an Act of the present Parhament this infernal nuisance (of smoke) 
be reformed.' Various attempts to abate the nuisance were made from time to time, 
perhaps the most important being that of Benjamin Franklin, who, in 1745, attacked 
the problem from the point of view of the domestic fire-place ; while in 1 795 James Watt, 
as is pointed out in the Report of the Jury on Fixed Boiler Appliances, suggested the 
use of smdke-consuming boiler furnaces in which cold fuel was introduced behind an 
incandescent mass. 

In the hope of obtaining the most economical utilisation of heat, the question was 
investigated in the first decjSe of the present century by Count Rumford, who said that 
he never ' viewed from a distance the black cloud of unconsumed coal which hangii over 
London without wishing to be able to compute the immense number of chaldrons of coal 
of which it ia composed.' 

In 1819 the national importance of the smoke question was admitted in a very 
practical way by the appointment of a Select Committee of the House of Commons, * to 
inquire how far persons using steam engines and furnaces could erect them in a manner 
less prejudicial to public health and comfort.' The Committee reported that 'so far as 
they had hitherto proceeded they confidently hope that the nuisance, so universally and 
so justly complained of, may at least be considerably diminished, if not altogether re- 
moved.' In 1843, another Select Committee ' inquired into the means and expediency 
of preventing the nuisance of smoke arising from fires or furnaces.' The list of witnesses 
examined by the Committee comprised the honoured name of Faraday, and, as their 
Report points out, ' they received the most gratifying assurances of the confident hope 
entertained by several of the highest scientific authorities examined by them that the 
same black smoke proceeding from fires and private dwellings, and all other places, may 
eventually be entirely prevented,' They concluded by recommending ' that a Bill should 
be brought into Parliament to prohibit the production of smoke from furnaces and steam 
engines.' 
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In May 1845 yet another Select Committee i4 the Hoase reported 'that in the 
present state of knowledge and experience opon the subject, it is not desiiable to extend 
the proviiiions of an Act beyond furnaces treed for the generation of steam.' Iti August 
of the same year. Sir Henry de la Beche and Dr. Lyon Playfair reported to Lord Canning 
* that it cannot for a moment be (questioned that the continued emission of smoke is an 
unneceesary consequence of the combustion of fuel, and that, as an abstract statement, 
it can be dispensed with.' They add, however, ' it is useless to expect, in the present 
etate of our knowledge, that any law can be piactically applied to the fire-places of common 
houses, which, in a large town like London, contribute very materially to the poUation 
of the atmosqjhere.' 

It is^ffieult now to realise a state ofthings, as regaids the evolution of dense volumes 
of smoke from boiler Aimaces, such as that described by the witnesses examined by the 
Parliamentary Committees, as the legal enactjnents which were the result of their labours 
did much to lessen the evils complained of. In the case, however, of domestic fire-places 
the question has remained without material change until the present day, although the 
rapid growth of the Metropolis materially adds to the gravity of the smoke nuisance. 

The present effort to reduce the smoke nuisance is not directed exclusively to the 
suppression of smoke from the fiunaces employed in fectories or the fires of industrial 
works generally, as the object in view is the reduction of smoke from all sources, 
e^pecia!ly from dwelling-houses, the aggregate qiiantity of smoke from which is very 
c- insiderable 

The Committee are satis&ed, as one result of their labours, that a large number of 
1 ursons, representing all classes and interests, are now fully sensible of the importance 
of the Eubject, and, further, they find abundant and satis&ctoiy evidence, in London and 
in the chief provincial towns, of anxiety to adopt any improved appliances for burning 
fuel, or any smokeless forms of fuel, when their merits have been fairly proved. 

The Committee felt that, before attempting to stimulate and encoiurage inventors, 
manufacturers, and others to bring forward improved appliances, it was necessary to 
ascertain what the present state of our knowledge of the subject really is. The 
following series of reports mark the stage of progress already reached, and afford a firm 
basis for future work. The Committee have, therefore, directed the reports to be printed. 

The origin of the present Smoke Abatement movement, dating fti:>m action taken by 
Mr. Ernest Hart in the National HeHltti Society, and by Miss Octavia Hill in the Kyrle 
Society, has aheady been so fidly set forth in the pages of the official catalogue of the 
KxhibitioQ that it need form no part of this brief accoimt of the Committee's aims and 
work. 

The Smoke Abatement Exhibition may be said to have resulted from the several 
important public meetings which have inaiked the history of this movement, notably 
a public meeting at the ISIansion House, summoned by the Smoke Abatement Com- 
mittee, nominated jointly by the above Societies, This meeting was held on January 7, 
1881, under the presidency of the Lord Mayor, when the Right Hon. G. J. Shaw- 
Lcfevre, M.P., First Commissioner of Works, the late Dean of Westminster, Sir U. K. 
Shuttleworth, the President of the Royal Society, and others, eminent in titenture, 
science, and art, addressed the meeting and supported the movement ; a public meeting 
was held by the KjtIo Society, at which the President, H.R.H. the Duke of Albany, 
referred with warm approval to this movement as part of the Society's work, and a 
re^ilution in support of it was passed by the meeting. Shortly afterwards a largely- 
kttended meeting was held at Grosvenor House, by permission of the Duke of Weat- 
minster, President of the National Health Society, at which H.R.H. the Priooeta 
l^uiM (Marchioness of Lome) was present, when high scientific and medical evidence 
was borne by Dr. Siemens, F.E.S., Sir Henry Thompson, and Mr, Siiencer Wells, to the 
importance of (he question. The Committee then proceeded to complete arrangementR, 
by the pcrmitsion of Her Majesty's Commissioners for the Kxliibition of 1851, the Lords 
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of the Committee of Council on Education, and of the Council of the Royal Horticultural 
Society, for an Exhibition to be held in the bniidings erected for the International 
Exhibition of 1862, of improved fire-grates, furnaces, kitcheners, cooking, warming, and 
other apparatus of all kinds, devised to prevent smoke, or to consume smokeless fuel ; 
the Exhibition to include varieties of bituminous and anthracite or smokeless coal, and 
special fuel for household fires and furnaces. In the catalogue, the various exhibits 
were classified and arranged under sections. Arrangements were also made for the 
fitting-up of some buildings for the purpose of testing the efficiency of grates, stoves, 
and other appliances suited for domestic use; and trials of various fuels and boiler 
appliances were also provided in the Exhibition Buildings and in the Royal Albert 
Hall, and at certain factories in which facilities were offered by the proprietors. It 
was resolved that the testing of apparatus should be made as far aa possible under the 
following conditions : — 

Tests of Apparatus and Fuels. 

1. Domestic heatiog appliances — viz., grates, stoves, and kitcheners, and 
kitchen ojien ranges — to be tested for heating power, cost, convenience, quality 
of combustion, and their comparative freedom from smoke and noxious vapours. 
Various fuels and new appliances for the utilisation of anthracite and other smoke- 
less coals to be tried. Gas heating-apparatus, in which great improvements have 
recently been made, to be tested and compared, 

2. Furnaces and apparatus for industrial purposes, with which greater difficulty 
preaenta itself. Trials of some of the more recent improvements in boiler apparatus 
were to be made with the special object of testing the combustion of fuel and the 
prevention of smoke, having regsrd also to evaporative performance. 

The Committee engaged the services of Mr. D. Kinnear Clark, M.Inst.C.E., to 
organise and conduct the tests, under the direction of the Exeeutive Committee. 

The Committee felt — and their view was confirmed by very numerous expressions of 
opinion, as a result of extended correspondence with persons of experience representing 
all classes in London, the provinces, and abroad — that such an Exhibition and testing, 
carried out under the direction of a Committee of Exjierts, would be of national value — 

1. By tending directly to a better utilisation of coal and coal products. 

2. By determining practically and scientifically the means which are actually 
available for heating houses, as at present (and as may be) constructed, without 
producing smoke. 

3. By enabling the Committee to examine the subject generally, and report, 
for public information, upon the relative adaptability of the various coals and 
appliances to the different requirements of every class of the community. 

4. By affording reliable information upon which to base sufficient and equitable 
amendments of the existing laws regarding smoke. 

5. By enabling the Committee to ascertain and make known the comparative 
value of existing appliances for the utilisation of gas for the purpose of heating, 
and generally bringing together the available material for determining how far 
smoke may be prevented, and testing inventions but little known. 

The Executive Committee, having been charged by the General Committee with the 
task of undertaking the details of arranging the Exhibition, Professor W. Chandler 
Roberts, F.R.S., drew up a scheme for the chemical testing in connection with the 
mechanical tests of grates and stoves. The Committee proceeded to communicate with 
the leading colliery proprietors and other persons connected with the production of coal and 
other fuel, and with the manufacturers of domestic grates, heating appiiratus, stoves, &c., 
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and also vrith the makers of boilers and furnaces for industrial purposes. Invitations 
to exliibit were widely sent out throughout the manu&cturing districts of Great Britain, 
America, France, Germany, and other foreign countries, and communications explaining 
the objects were addressed to the municipal bodies of the principal towns interested. 
The Bfjard of Trade was communicated with, and granted special protection to new in- 
ventions undej- the powers conferred upon them by the ' Protection of Inventions Act, 
1870.' The assistance of foreign countries was sought, and with this view the aid of 
Earl Granville, the Setretary of State for Foreign Affairs, was solicited, and was most 
kindly and readily accorded. Hia Lordship forwarded particulars of the Exhibition, 
and directed commuuications to Her Majesty's representatives in France, Germany, 
Belgium, Sweden, and at the Hague and Copenhagen, with instructions to communicate 
with the Governments to which they were respectively accredited, and to request that 
publicity might be given ti> the objects of the Exhibition. By a later communica- 
tion from his Lordship, the Exhibition Committee were informed that instructions had 
been directed to Her Majesty's representatives at Paris, Berlin, and Washington, to sug- 
gest to the Governments to which they are respectively accredited that a property quali- 
fied person should be sent to report upon the Exhibition and the trials connected with it. 

The Earl of Kimberley, the Secretary of State for the Colonies, also gave his assistance 
to the Exhibition Committee, by forwarding particulars of the Exhibition to the Governor- 
General of Canada, and further directed that certain inquiries should be made into the 
nystern of heating towns and villages by steam, in accordance with the request of the 
Smoke Abatement Committee. 

The kind advice of Sir Philip Cunliffe Owen, and the assistance of Mr. G. R. Redgrave, 
and subsequently of Mr. James Richards, of the Royal Albert Hall, whose experience in 
matters relating to Exhibitions is well known, were obtained in making the necessary 
arrangements. 

The formal opening of the Smoke Abatement Exhibition at South Kensington 
took place on November 30, 1881, when the Lord Slayor, who was accompanied by the 
BheriGTs and Under-Sheriffs, presided at a meeting held in the Albert Hall. There was 
a very large attendance of persons interested in the movement, including Her Royal 
Highness the Princess Ix)Ui9e (Marchioness of Ijoroe), and His Excellency the Marquis 
of Lome, Governor-General of Canada, and other distinguished visitors. The meeting 
was addressed by His Excellency the Marquis of Lome, the Right Hon. G. J. Shaw- 
licfevre, M.P., I>ord Aberdare, the Right Hon. H.Childers,M.P., Dr. Siemens, and others. 

The Exhibition was primarily divided into two classes of appliances: applicable 
respectively to domestic and to industrial purposes. Objects exhibited in Sections A, 
B, and C were entirely for dojnestic, and those in Section D for industrial use. Sec- 
tion E was reserved for various fuels suitable for either domestic or industrial purposes, 
or both ; and Section F for foreign exhibits of all classes. 

Section letters were placed at the head of each page in the Official Catalogue, and 
an enumeration of the objects ranged under each Section was inserted at the head of 
such Section. 

References were given under each entry to the locality of the exhibits, which were 
determined by the division of the galleries into meaHured blocks, which were distin- 
guished by R':>man numerals i. to xxvii. ; beginning at the southern end of the West«m 
Arcade (entrances in tjueen's Gate), and ending at the southern end of the Eastern 
Ari^e (entrances in the Exhibition Road). 

The Exhibition included exhibits ^m the United States, France, Germany, Holland, 
Belgium. Sweden, and other countries ; and for all domestic purposes a considerable 
number and variety of exhibits were shown, and chiefly in action. Special attention 
was directed to the industrial appliances, which included Smokeless Pottery Ovens .and 
Ga» Kilns, Dr. Siemens' Regenerative Gas Furnace, Gas Engines, and several applica- 
tions of the principle of mechanical stoking to steam boilers, free from the disadvantage 



of admitting w)Id air to the furnace. The production and application of combustible 
gases, other than ordinary coal gas, formed a prominent feature in the Eihibition. 

With regard tn fuels, anthracite, the smokeleaa and semi-bitumiiiouB coals of South 
WalcB, and the bituminouB coals of Northumberland and other districts were both 
exhibited and shown in use. Patent fuels were also exhibited. 

A'arious ajateins of Electric Lighting were shown, together with the special appli- 
auces necessary for developing electricity. Also the Siemens' EUectric Furnace and 
Electric Railway. 

The object of the Exhibitionbeingtoencourageiniprovements, the Committee, so far 
as practicable, continued to admit suitable exhibits during the period of the Exhibition. 

The endeavour was made to render the Exhibition instructive by demonstrations of 
the principle and mode of action of various machines and appliances, and exhibitors 
were afforded every reasonable facility in this respect, and abundant opportunity was 
furnished to them, at convenient times, for giving such explanations as might be neces- 
ftary. Furnaces and machinery were, as far as practicable, shown in action. 

The Exhibition was kept open at night at times which were advertised, and the fol- 
lowing series of lectures on scientific matters connected with the objects of the Exhibi- 
tion, and on the appliances themselves, were delivered from time to time : — 

* Abatement of Smoke in relation to Heating and Ventilation,' by Captain Douglas 
Galton, C.B., F.U.S. 

* The Abatement of Smoke,' by Mr. Ernest Hart. 

* Waste in Combustion,' by Prof. Chandler Roberts, F.R.S. 

* Smoke Abatement in connection with Glass and Pottery Burning,' ' Smokeless 
Baker's Ovens,' by Mr. W. J. Booer (Leeds). 

' Economy of Fuel,' by Mr. F. Fletcher (Warrington). 

' Lighting, Heating, and Ventilating,' by Mr. W. Sugg. 

' The Effect of Coal-smoke upon the Human Organism,' by Dr. J. W. Fofhergill. 

' Varieties of Coal in relation to the question of Smoke Abatement, with special refer- 
ence to the probable discovery of Coal at workable depths under London,' by Prof. Judd. 

' Steam Boilers and the Prevention of Smoke,' by Mr. Holroyd Smith, M.LM.E. 

A course of popular readings : * Improvements in Domestic Grates and Kitchen 
Ranges,' by Mr. E. J. Powell. 

' Vitiated Air,' by Dr. Neale. 

* Anthracite : its Uses and Economy,' by Mr. C. H. Perkins. 

' Smokeless Baker's Ovens, and the Advantages of using Gas as a Fuel,' by Mr. W, 
J, Booer. 

' Bread-Baking and Smokeless Ovens,' by Mr. William Lawrence. 

Prizes and medals have been awarded to the best exhibits, and the arrangements 
under which these have been awarded are now made known. Among the liberal donors 
for this purpose is Dr. Siemens, who offered a Prize of 100 guineas. A Ladies' Prize 
of 100 guineas, divided into two sums for the best Domestic Open Grate and best 
Kitchener, was given. The Society of Arts offered a medal; the Manchester Asso- 
ciation for Controlling the Escape of Noxious Vapours added a prize of 501. ; and further 
prizes were awarded. 

The following is a list of the gentlemen who kindly undertook to act as Jurors :— 
Prof. Abel, C.B., F.R.S. J Mr. A. T.Atchison, M.A. ; Lonl Alfred Churchill; Mr. 
Wm. K. E. CoIcB, C.E. ; Mr. Thomas Cundy ; Mr. T. W. Cutler, F.K.LB.A.; Mr. W. 
Eassie, C.E. ; Col. Festing, R.E. ; Prof. Frankland, LI..D., F.R.S. ; Cai>t. Galton, C.B. ; 
Mr. B. Harris; Mr. Charles Heiseh; Mr. CbarlcB Hunt; Mr. T. W. Kentesj Prof. 
Chandler Roberts, K.R.S. ; Dr. Siemens, F.R.S., LL.D. ; Mr. G. H. Trollope ; Mi. Gre- 
ville Williams, F.R.S. Mr. D. Kinnear Clark, M.Inst.C.E., Testing Engineer. 



The Kshibition was formally closed on Tuesday afternoon (February 14) by a 
Meeting of Committee and Esbibitorsj which was held in the Albert Hall, under 
the presidency of the Chairman, Ernest Hart, Esq. There was a large attendance of 
exbibitoFB and members of the Committee. 

At this meeting it waa announced that there had, up to the time of meeting, been 
made altogether 249 tests, many of them of a detailed and costly character: 27 tests of 
steam-boiter appliances, 42 tests of coal samples, 128 tests of open grates and stoves, 
and so on through the whole list. A great amount of work had been done, and done 
with great care, and sjiecial thanks are due to Dr. Siemens, Professors Frankland 
Abel, Roberts, Col. Festing, H.E., Jlr, Atchison, Messrs. Harris, Heisch, Cutler, and 
the other Jurors, who have given gratuitously their best care and their moat valuable 
time, in carrying out the work of the juries, as well as forwarding the objects of the 
Exhibition generally. 

Among the distinguished visitors who attended the Exhibition and manifested great 
interest in the exhibits were H.R.H. the Prince of Wales, the Marquis of Lome, the 
Empress Eugenie, and H.R.H, the Princess Louise, who bonijured the F^shibition with 
two visit 8. The Duke of Westminster also visited the Exhibition and deputed Mr. Cundy 
(one of the jurors) to report to him on any appliances or new inventions or contrivances 
for existing grat«s which might be successfully introduced for the abatement of smoke in 
the houses on the W'estminster estate. The Duke of Sutherland paid numerous visits to 
the Exhibition, as did other large landowners. The members of the House of Commons 
attended very numerously, and they had the satisfaction of receiving the Right Hon. 
G. J. Shaw-Lefevre, M.P. (First Commissioner of Works), who went veiy carefully into 
the details of what he had seen and gave instructions that a certain number of exhibits 
should be purchased for trial at the public offices. Among the visitors were deputies 
from the principal Foreign Governments — Monsieur Trelat, the eminent President 
of the Society of Civil Engineers in Paris, and Monsieur Hirsch, from the French 
Government; Dr. Gustav Wollf and Herr F. Siemens, from the German Government; 
Mr. John Hopkinson, F.K.S., Commissioner from the American Government; Monsieur 
H, Studer for the Swiss Government, and Commissioner for the Austrian Government, 
Those gentlemen will make reports on what they have seen here, so that the knowledge 
of the exhibits will extend to other conntries. The Marquis of Ixirne specially re- 
quested that a detailed account of the testing should be supplied to the Government 
of Canada. 

At the meeting at the close of the Exhibition, due acknowledgment was made by 
the assembled exhibitors of the labours of the Committee. 

Professor Abel proposed, on behalf of the meeting : ' That the best thanks of the 
meeting be given to Mr. Ernest Hart, the Chairman of the tV>mmittee, for the valuable 
services he has rendered to Smoke Abatement generally, and for the carrying of the 
scheme of this Exhibition to a successful issue.' 

The Exhibition has been attended by the Royal Commissioners on Technical Educa- 
tion, the Institute of British Architects (who came in considerable numbers), the Insti- 
tution of Civil Engineers (also in large numbers), the Institution of Mechanical En- 
gineers, and the Members of the Coal and Iron Trades Institute. Also large deputa- 
tions attended from builders and architects ; and, in addition, the builders of London 
sent their workmen in large bodies. ITie Corporations of the various towns have shown 
great interest in this Exhibition, and a considerable number of the Mayors and other 
public officials attended i>er8onally; and further, the Corporations of Manchester, 
Birmingham, Sheffield, Oldham, and iiceds, sent official deputations, who have gone 
through the Kxhibition, and who will make reports of a practical character, and jiresent 
recommendations to their respective corporations. The following is a list of the Foreign 
Countries and Colonies represented by their deputies: France, Germany, United States, 
SwitxerlanH, Austria, Hungary, Sweden, Denmark, the Netherlands, China, Canada, 
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and Au8t.ralia. The total number nf visitors to the Exhibition was 116,000; of these 
46,000 were admitted by payment, and 70,000 persona to whom was given free admission. 

The testing alone has involved an expenditure of about l,00Oi. ; for, besides the 
testings at South Kensington, extensive festings have been made elaewhere. 130 tests 
have been made of grates and stoves, 27 tests of coal-burning kitcheners, 32 teats of 
gas beating-apparatus, 20 tests of gas cooking-stoves, 4 tests of the Dowson Gas 
l*roducer and applications of the gas, 4 tests of heatiug apparatus, 27 tests of dtesm- 
boiier appliances, 1 test of a gas engine, and 45 tests of fuels ; making the total 
number 290 tests. The Committee were very much indebted to the National Training 
School of Cookery, South Kensington, especially to Airs. Charles Clarke, the lady 
superintendent, for sending her staff and asaiating at practicjil trials of the kitcheners, 

The exhibits have been thoroughly cited and illustrated in all the industrial papers. 

As a residt of the visit to the Exhibition of a deputation from the city authorities 
of Manchester, on Jan. 11, it was arranged to practically transfer the Exhibition, so far 
as it could he transferred, to Manchester, the Corporation having lent the market bnild- 
inga for the purjxjse. To this end the Committee, its chairman, and its hon. secretary 
energetically co-operated. This Exhibition was opened on March 17, with an influential 
committee, consisting, among others, of the Earl of Derby, the Bishops of Manchester 
and Salford, Sir Humphrey de Trafforil, Bart., &c., with the Mayor of Manchester as chair- 
man, Mr. Francis Greg as chairman of the Executive Committee, and Mr. Fred. Scott 
as Secretary. It was thought desirable to connect the two exhibitions together, and 
H.R.H. Prince Leopold and the Diike of Westminster {the joint presidents of the 
South Kensington ^hibition) expressed their official approval of the step, by becoming 
presidents of this provincial Exhibition. 

The testings at Manchester were conducted by Mr. D. Kinnear Clark on the same 
baflea as those conducted at South Kensington, a separate report on which ia ap- 
jiended. Medals have been awarded in accordance with these results. 

The Manchester Exhibition closed on May 6. It proved highly successful, as shown 
by the Report of the Manchester Committee, appended. 

The Committee trust that the opportunity which has been afforded by these Exhibi- 
tions of various appliances in action, and of improved fuels, and the trials carried on, will 
result in the extensive adoption by householders and manufacturers of the most success- 
ful and useful of the improvements shown, and that the impetus thus given to industrial 
energy and scientific ingenuity will bring about yet further improvements in the art and 
practice of heating, without unnecessary production of smoke. The Committee hope, 
also, that the Exhibitions have proved of advantage to many exhibitors who incurred 
no small amount of labour and expense in bringing their exhibits before the public in 
the way recommended by the Committee, 

The following is the list of awards made in connection with the Smc^e Abatement 
Exhibition at South Kensington j for details of which see the Jurors' Reports, 



Open Grates for Bituminous Coal. — To Brown & Green (Under-fed Grate), gold 
medal ; Clark, Bunnett & Co. (Ingram's Grate), silver medal ; E. H. Shorland ('Man- 
chester' Ventilating Grate, G. L. Shorland's patent), silver medal ; E, R. Holland {Under- 
fed Grate), bronze medal ; H. E. Hoole (Radiating and Reflecting Grate, with Side 
Hopper), bronze medal; M. Feetham & Co. (Basket Dog Grate), bronze medal; J. M. 
Stanley (Hopper-fed Grate), bronze medal; T.E.Parker (' Vencedor ' Grate), bronae 
medal ; W. I. Henry (Smoke Filtering Appliance), bronze medal ; Doulton & Co. 
(Tile Grate), hon. mention ; Rosser & Russell (Grate), hon. mention; Geo, Haller & 
Co. (Kohlhofer Hot-air Stove), hon. mention. 

Open Orates for Smokeless Coal. — To the Coalbrookdale Co. (' Kyrle ' Grate), silver 
medal ; Yates, Haywood & Co, (Ventilating Grate), silver medal ; Michel Perret (Grate), 
bronze medal. 
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Close Stoves for BUiimincnis Coo/.— To C U, Gregory (Stove), Rilver medal j .Tolm 
Cornforth (' Little Wonder'), silver medal ; R. W. Croathwaite (with (jregory'a improve- 
ments), silver medal; J, F. Karwig & Co. (Stove), bronze medal; James Diiiina<;hi« 
(Stove), bronze medal ; Rev. H. J. Newcombe (Stove), hoo. mention. 
. Close Stoves for Smokeless Fuel. — To W. Barton (Stove), bronze medal ; F. Looholdt 
(Stove), bronze medal; Muagrave & Co. (Stove), H, J. Piron (Stove), bronze medal; 
Harry Hunt (Stove), bronze medal. 

Kitckenera. — To T. J. Constantine, silver medal; Eagle Range Company, silver 
medal ; Radiator Range Company, silver medal; Brown 4 Green, silver medal; Falkirk 
Iron Company, silver medal ; Newton, Chambers & Co., bronze medal ; W. Stobbs, 
bronze medal ; M, Feetham & Co., bronze medal. 

Oas Oven, — To Thompson Brothers, a gold medal for their patent kiln and baker's 
oven, being a distinctly new application of the use of coal gas, and one calculated to 
largely promote the abatement of smoke. 

Oas Cooking-Stoves, — (a) Stoves suitable for families of about twelve persons. — 
To H. and C. I^vis and Co., silver medal ; to Beverley and Wyide, silver medal ; 
J. Wright & Co., silver medal; Sturk and Co., silver medal, in recognition of the 
principle adopted by them of burning the gas outside the oven in which the cooking 
is carried on ; Billing and Co., bronze medal j Leoni and Co., bronze medal ; C. 
Wilson, bronze medal; Waddell and !Maiii, bronze medal, (b) Stoves suitable for 
large establishments; Slater and Co., for excellence of material and workmanship, silver 
medal. 

Oas Heating-Stoves. — (c) Close stoves, from which the heat is conveyed into the 
apartment by conduction from pipes or chambers, through which the heated pro- 
ducts of combustion pass. — To Stark and Co., for C^x'a ventilating gas stove, 
a silver medal ; the Sanitary and Economic Supply Association of Gloucester, for 
Dr. Bond's Euthermic ventilating stove (pattern A), a silver medal, (d) Open stoves 
or combination fires, in which gas is burned in combination with solid materials, 
and the heat radiated into the apartment, — Waddell and Main, for gas-and-coke 
fire (Dr. Siemens' principle), a bronze medal; G. Wright and Co., for gas-and-coke 
fire (Ur. Siemens' principle), a bronze medal, (e) Gas baskets or iires, from which 
(he heat is conveyed by radiation. — To Leoni and Co., for hanging gas fire, a bronze 
medal. 

Gaa Producer. — To the Dowson Economic Gas Company, limited, for their gas 
producer and the application of the gas to various industrial purposes, a gold medal. 

Apparatus for Heating by A ir. Water, aiid Steam.. — To W. & S. Deards, bronze 
medal ; W. Stainton, bronze medal. 

Mechanical Stokers. — To George Sinclair, a silver medal ; T. and T. Vicars, 
X silver medal ; The Patent Steam-Boiler Company (Knap's stoker), a bronze medal ; 
The Chadderton Ironworks Comiany (M'Dougall's stoker), a bronze medal; James 
Proctor, a bronze medal. 

Fire-bridges. — To Chubb and Co., for their cast-iron semicircular fire-bridge, 
a bronze medal ; Ireland and Lownds, for cast-iron tubular fire-bridge, a bronze medal. 

Fire-hars and Fire-grates. — To the Waviah Patent Fuel Economiser Company, for 
the application of vertical grates in steam-boiler furnaces, a silver medal ; J. Farrar and 
(!o., for Barber's under-feeding stage grate, a bronze medal ; J. Collinge, for Blocksage's 
«xl«rnnl inclined grate, a bronze medal. 

Furnace-door, — To W. A. Martin & Co., for a balanced fire-door, a bronze medal ; 
the Great Britain Smoke-Consuming Company, a bronze medal. 

BoiUr Setting. — To Livet's Patent Improved Boilers and Furnace Company, for 
Mr. Fountain Livet's method of setting boilers, and his tire-bars, a silver medal. 

Chimney. — To E. 0. W^ry, Paris, for his atmospheric smoke-conxumlog chimney, a 
bnmxe mi-dul. 
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Dr. Siemens* Prize of 100 guineas * for the best method or arrangement for utilising 
fuel as a heating agent for domestic and industrial purposes combining the utmost 
economy and freedom from smoke and noxious vapours.' — ^The Dowson Economic Gas 
Company, 50 guineas ; The Falkirk Iron Company, for their gas-and-coke-buming 
kitchener, 50 guineas. 

Ladies' Prizes of 50 guineas, for kitchener and open grate. — Prize of 50 guineas 
divided between T. J. Constantine, for his * Treasure ' kitchener, and the Eagle Range 
Company, for their kitchener. For open grates, no award made. 

Society of Arts Medal, — C. B. Gregory, of Beverley, New Jersey, U.S.A., for his 
smoke-burning furnace, and for its various applications to steam boilers and other indus- 
trial and domestic purposes. 

The following is the list of awards made in connection with the Manchester 
Smoke Abatement Exhibition : — 

Open Oraies and Close Stoves. — ^T. E. Parker, for his smoke-preventing grate, ^ 
being an improvement upon the grate exhibited by him in London, for which he was 
awarded a bronze medal, silver medal ; Jafirey & Co., for their smoke-consuming grate, 
being an improvement on the Kaio-Kapnos grate, which was awarded a silver medal in 
London, silver medal ; J, Wadsworth, for his close ventilating stoves, burning coke and 
burning gas, silver medal ; the Falkirk Lron Company, for improved coke-and-gas fire and 
asbestos-and-gas fire, modifications of Dr. Siemens' principle, silver medal ; W. Thombum, 
for his hot-air petroleum stove, honourable mention; E. H. Shorland, for the Man- 
chester close stove (G. L. Shorland's patent), bronze medal ; James Moore, for his 
system of boiler-seating with perforated bridges and steam-jets for the prevention of 
smoke and for economy of fuel, bronze medal ; J. Hampton, for his fire-proof smoke* 
consuming bridge, bronze medal ; B. Goodfellow, for Johnson's smoke-and-fiime washer, 
honourable mention ; Hydes & WigfuU, for the * Tortoise ' laundry stove, bronze medal. 

Kitchemers and Goohmg Stoves. — Elliott, Alston, and Olney, for Senking's cooking- 
stove, silver medal ; R. W. Crosthwaite, for close-fire range, having Gregory's furnace, 
silver medal ; Waddell & Main, for improved gas cooking-stove, silver medal ; Charles 
Wilson, for impoved gas cooking-stove, silver medal. 

Stea/m Boiler Appliances. — R. W. Crosthwaite, for Gregory's smoke-burning 
fiimace, applied to an upright boiler, silver medal ; E. Bennis, for his mechanical 
stoker, silver medal ; Thomas Henderson, for his furnace-front and fire-door, bronze 
medal. 

Furnace for General HecUing Purposes, — Michel Perret, for his multiple-staged 
furnace, silver medal. 



For details of the Awards see the following Reports of the Jurors. 
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I. REPORT OF THE JURORS ON OPEN GRATES AND CLOSE STOVES. 



THE class of grates and stoves was, as might have beec expected, the largest in the 
Exhibition, and that in which there wa^ the greatest dif&ciilty in deterndniog 
the relative merits of the different objects. 

There were many well-considered efforts for diminishing the smoke from bitnmi- 
nous coal, and several examples of grates were shown in which endeavours were miide to 
increase the efficiency of the fuel. Few of these, however, displayed any actual novelty. 
Grates and stoves for burning anthracite were well represented, and visitors thus had 
full opportunity of comparing, as far as is jTOSsible in an exhibition, the merits of smoke- 
less coal and of appliances, in most cases involving some mechanical complication, for 
burning bituminous coal smokeleasly ; and the general impression must, we think, have 
been that, although the smoke difiSculty is far from solution yet, a good deal of 
thought has been given to the matter, and that, attention having been now so much 
directed to it, there are hopes of still further improvement. 

In recommending the awards that should be made, we have considered that one of 
the chief essentials of a grate or a stove should be that no noxious fumes should be given 
off into the apartment, and another— in the case of open iire-placea — that there should be 
abundance of radiant heat. Subject to these considerations, we believe that apparatus 
to be most worthy of recognition in which the ratio of heating power to the amount of 
smoke produced ia the greatest. Other considerations are : combination of heating with 
ventilation ; economy of fuel and labour ; simplicity of construction and of working ; 
cheapness and durability; adaptability to existing arrangements; appearance; and 
these will doubtless influence purchasers considerably in their choice. But we are of 
opinion that — in determining our action as to awards in this — which ia a Smoke Abatement 
Kxhibitioo, and not an ordinary show of grates and stoves — these latter considerations 
should have small weight as compared with the main point of ratio of heating power to 
smoke given off. It is, therefore, on the results of the testings of heating power and 
visible smoke as carried out by Mr. Kinnear Clark, and of perfection of combustion 
as carried out. by Professor Chandler Roberts, that our recommendations chiefly depend. 
We may remark that a careful examination of the tabulated results of these teats 
shows a substantial correspondence between the two seta. 

The open grates are naturally divided according to whether they are fed (a) from 
the bottom or side, (6) from the top with an up-draught, (c) from the top with a down- 
draught ; and, again, whether they are intended for bituminous or smokeless coal. The 
stoves, also, may be intended for bituminous or smokeless fuel. 

Amott's well-known stove, which has been in existence for half a century, waa shown 
by F. Edwards & Son. The nearest to it in principle was that shown by the same exhibitors, 
in which the bottom of the grate ia fixed, but the fuel bums downwards, and a counter- 



balanced shutter in front of the bara determines the level at whicli air is admitted to 
the fire, and coneequentlj that of active combustion. The rsBults of the tesling, how- 
ever, were disappointing, as they showed that the fuel was not burnt to advantage, and 
considerable amount of smoke was produced. 

Somewhat similar in principle are the hopper grates. The beat results were given 
by those of H. E. Hoole and of J. M. Stanley, which we have recommended for bronze medals. 

Of the arrangements for direct under- feeding, that of Brown & Green appeared to 
bo the best, from a practical point of view ; and it also gave the best results in the 
testing of any grates for bituminoiiti coal. We have, therefore, recommended it for a 
gold medal. 

E. R. Hollands' under-fed grate also gave feirly good results. There is sonae objec- 
tion to the presence of mechanism in this grate, and we had no means of determining 
whether this would be liable to get out of order. The principle is, however, good, and 
we have recommended a bronze medal for this grate. 

The system of under-feeding appears to be generally effective in reducing the 
amount of smoke, and, as the live coals are at the top, there is powerful radiation from 
it, which is not much reduced, as is the case in top-ftid grates when fresh coal ia put on. 

The system of downward- draught with ordinary hand-feeding at the top is adopted 
in several grates, and in a few the results of the testing have been so satisfactory as to 
enable us to recommend awards ; but we believe the system to be wrong in principle. 
The upper surface of the coal in (he grate, and the back and cheeks of the fire-place, 
are necessarily cooled by the draught, and can radiate little or no heat to the room, and 
the combustion of the gases takes place in a position &om which no heat can be radiated 
into the room. The heat derived from this portion of the combustion must, therefore, 
be wasted, unless it can be utilised to warm air or water, and so be distributed. More- 
over, there were instances in the Exhibition where down or back-draught had produced 
rapid destruction of the bars, &c., of the grate ; and, as so much of the combustion takes 
place out of sight, mischief may go on unnoticed. 

With regard to the next subdivision, which may be said to include all ordinary 
grates, and in which the fuel is supplied at the top, and the draught is upwards, we 
would call particular attention to the pattern of a grate devised by Captain Douglas 
Gallon, C'.B., about twenty-two years ago, for use in barrack rooms, and adopted for that 
purpoHe by the War Office. On account of the position occupied by Captain Galton, 
with regard to the movement, this grate was not shown in competition, and was, 
therefore, not tested in the testing house, which is unfortunate, as it might at least 
have served as a standard of comparison, and we believe it to be certainly one of the 
most effective of the grates in the Kxhibition. General Morin, in his well-known work 
on ' Hejiting and Ventilation,' states that in his experiments he found that, for a given 
quantity of ooal, three times as much heat was utilised in the room, as in the case of 
any other open fire-place which he tried. 

This economy of coal and consequent diminution of total smoke produced is 
effected principally by using what would otherwise be wasted heat at the back of the 
fire-place to warm fresh air, which is afterwards admitted to the apartment. The direct 
diminution of smoke also appears to be, to some extent, efl"ect«d by arching the fire- 
brick back iiartly over the fire, thus forming a kind of baffle, underneath which heated 
air from behind the grate is introduced, to aid in the combustion of gases given off by 
the coal. 

In no other grate are these two principles combined. The latter is more fully 
develo[)€>d in Barnard, Bishop & Bamards' 'Glow fire;' but the results of the testing 
of this grate were not so satisfactory as to warrant the recommendation of an award. 

Of the ' veutilating ' grates in which the former principle is used, the best appeared 
to bi; E. II. Shorland's ' Manchester ' grate fur bituminous ci^l ; tJiat of Vates, Haywood 
A. Co.. fur anthracite; and the 'Ingram 'grutc, shown by Clark, BuunclL^ Co., which 
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gave BatisfLict«ry refiulta both with Waltseod coal and anthracite ; to each of nhich we 
have recommeuded the award of a silver medal. 

An apparently very good veutilating grate was also shown by Robert H. Griffin, but, 
aa this was not tested (we understand at the desire of the exhibitor), we have not 
been able to make any recommendation with regard to it. 

We have recommended for ' honourable mention ' G. Haller'a Kohlhofer stove, which 
may be used as a ventilating grate, and Kosser & Rossell's iirebrick ventilating stove. 

Of other open grates, we consider the best to be the Coalbrookdale Company's ' Kyrle ' 
grate for anthracite, and M. Feetham & Co.'s basket dog-grate, for which we have proposed 
silver medaU. Tlie latter gave, with Wallsend coal, very good results as ^ as heating 
and visible smoke were concerned ; hut this was one of the few instances in which con- 
siderable efficiency was attained notwithstanding the somewhat incomplete combustion 
shown by the tests made by Professor Chandler Roberts. This grate has a down-draught. 
We have also recommended a bronze medal for T. E. Parker's ' Vencedor ' grate, for the same 
reasons. It is, however, a little doubtful whether this should not have been placed 
in the class of stoves, as, althoiigh it has an open front, it stands clear of the chimney 
opening, thus giving off heat to the room from the back, top, and sides, as well as the 
front. 

Michel Perret's grate for anthracite developed great heating power and radiab'on, 
the teste showing that the combustion of the fuel was fairly perfect. This grate is, as far 
as we know, a complete novelty. The recess of the fire-place is lined with iirebrick at the 
sides, back, and top, a narrow slit of 2^ inches wide being left at the front edge of the 
top for the escape of the products of combustion. The fire is made in an ojien iron 
basket grate, set against the back of the recess, and supported on iron legs. The whole 
of the interior of the recess becomes very much heated, and there is a powerful radiation 
from it. A possible objection to this grate would seem to be that, under adverse 
circumstances, the products of combustion might be diffused into the apartment. 
This, however, we had no means of testing. We have considered it deserving of a 
bronze medal. 

The principle of W, I. Henry's Smoke-purify er is, we believe, novel. The grate was 
somewhat deficient in radiant power, but the arrangement for getting rid of smoke 
appeared to answer fiurly well; and we have, therefore, recommended a bronze medaL 

Among the close stoves the most remarkable was that exhibited by C. B. Gregory, 
of Beverley, New Jersey. In the form shown, it was, perhaps, rather more a ' furnace ' 
than a stove applicable to domestic purposes. It was enclosed in a cubical casing 
of cast-iron, lined with firebrick. The fresh fuel is charged into a steeply inclined 
hopper of firebrick, and falls upon a horizontal grate. Air is admitted to the fuel at 
the lower part of the hopper, and through the grate. Air is also admitted at the front; 
it passes along the sides in contact with and heated by the hopper, and is discharged at 
the throat of the furnace in two streams from opposite sides, meeting and mingling with 
the half-burned gases from the fire. Complete combustion is thus effected. When 
tested with an hourly consumption of 21 lbs. of Wullsend coal, no visible smoke 
was produced, a result not attained by any other apparatus. Its heating power, 
as will be seen by a reference to the tables, was very great, too great, in fact, to be 
satisfactorily tested in the largest of the rooms at the disposal of the committee. 
E. W, Crosthwaite exhibited an Armstead's stove with Gregory's improvement, 
which gave eicellent results. So did J. Comfortb's 'Little Wonder' stove, tlie 
bottom bars of which are hollow, air heated by passing through them being admitted at 
the back to support combustion and prevent the formation of smoke. For each of these 
three stoves we have recommended a silver medal. 

J. F. Farwig & Co.'s ' Calorigen ' stove and J. Dunnachie's ' Star ' stove gave good 
results with bituminous coal, and we have recommended bronze medals for them. 

Among the stoves for burning smokeless fuel there were two, that of Franz Lonholdt, 



11 



REPORTS OF THE JURORS. 



and the ' Crown Jewel ' of Harry Hunt, both of which we have recommended for brooz© 
medals, in which a somewhat novel feature, the ' base bm-ning ' arrangement, is intro- 
duced, which appears to give satisfactory results' in improving the efficiency of the fuel. 
The former is also provided with a good automatic feeding arrangement, and the supply 
of the fuel can be so regulated that combustion is maintained with a very small 
eipenditure, and the fire will bum for twenty-four hours or longer without attention. 
Visible smoke was, however, at times emitted during the tests, even when anthracite 
was used, and for this reason we have not considered it entitled to a higher award. 

We have also recommended for bronze medals the ' Premier' stove of W. Barton, 
Musgrave & Co. 'a well-koown slow-combustion atove, and that of II. J. I'iron, of Hodimont 
(Belgium). 

A stove exhibited by the Rev. H. J. Newcome, in which the smoke is made to 
traverse horizontal iron pipes, and in which a considerable portion appears to be 
deposited as soot, and which impart heat to the room, gave results so far satisfactory as 
to entitle it to honourable mention. 

We also reooTnmend for honourable mention Doulton & Co.'s 'Tile' stove, which, 
though it has no special arrangements for getting rid of smoke, gave fairly good results 
ill this respect, and was very efficient as regards heating power. 

The following is the list of awards recommended in this section : — 



LIST OF AWARDS. 

GHATE3 ASD Stoves. 

(«) Open GraU«ff»r Bituminous Coal. 

To Brows & Gbees, Luton, Beds., for Under-fed Grate, Gold Medal. 

To Clark, Bunnett & Co., Rathbone Place, Oxford Street, for Ingram's Grate, 

which gives good results, both with Wallsend and Anthracit*, Silver Medal. 
To E. H. Shorland, St. Gabriel's, Manchester, for ' The Manchester Ventilating 

Grate,' G. L. Shorlaiid's patent. Silver Medal. 
To E. R. Hollands, Newington Green, London, for Under-fed Grate, Bronze 

Medal. 
To H. E. HooLE, Sheffield, Radiating and Reflecting Grat«, with Side Hopper, 

Bronze Medal. 
To M. Keetham & Co., Clifford Street, London, for Basket Dog Grate, Bronze 

Medal. 
To J. M. Stanley, Rhyl, for Hopper-fed Grate, Rronze Medal, 
To T. E. Parker, Battersea Park, for ' Vencedor ' Grate, Bronze Medal. 
To W. I. Henry, for Reeve & Henry's Smoke-jinrifyer, Bronze Medal. 
To Doulton &. Co., Lambeth, for Tile Grate, Honourable Mention. 
To RossER & Rl'SSELL, Charing Cross, for Fireclay Grate, Honourable Mention. 
To Georgb Halleb & Co., Lime Street, for Kohlhofer Hot-Air Stove, Honourable 

Mention. 

( J Open ah-aUe for SmokeUaa Fud. 

To The Ooalbkookdale Company, Coalbrookdale, for 'Kyrle' Grate, Silver Medal. 
To 'V'ATfis, ILivwooD &. Co., Upper Thames Street, fur Back and Side Draught 

Ventilating Grate, Silver Medal. 
To 51. pEKKET, Paris, for Radiating Stove, Bronze -Medal. 
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(c) Close Stoves for Bitumvrums Coal. 

To C. B. Gregory, Beverley, New Jersey, for Smoke-Burning Furnace, Silver 

Medal. 
To John Cornforth, Birmingham, for the * Little Wonder ' Stove, Silver Medal. 
To E. W. CROSTHWArrE, Upper Thames Street (with Gregory's improvement), 

Silver Medal. 
To J. F. Farwig & Co., Queen Street, London, for * Calorigen ' Stove, Bronze Medal. 
To J. DuNNACHiE, Coatbridge, for Star Heating-Stove, Bronze Medal. 
To Rev. H. J. Newcobce, Bamet, for Air-Warming Stove, Honourable Mention. 

{d) Close Stoves for Smokeless Fuel. 

To W. Barton, Boston, for * Premier ' Gill Stove, Bronze Medal. 

To Franz Lonholdt, Frankfort-on-the-Maine, for Anthracite Ventilating Stove, 

Bronze Medal. 
To MusGRAVE & Co., Belfast, for Slow-Combustion Stove, Bronze Medal. 
To H. I. PiRON, Hodimont, Verviers, for Hot-Air Stove and Ventilator, Bronze 

Medal. 
To Harry Hunt, Newington Green Road, for * Crown Jewel' Stove, Bronze 

Medal. 



For a description of ecLch article that was tested m this section^ and particulars of the 

results of the tests, see Mr. Clark's Report^ page 46. 



II. EEPOET OF THE JURORS ON COAL-BCBNING KITCHENEIIS. 

There waa considerable variety in the design of IcitchenerB burning coal, nineteen of 
which were submitted for testing. Several of them were specially designed for burning 
bituminous coal without smoke, others for burning anthracite, others for burning coke, 
with the aid of gas, and others were distinguished by special contrivances for economis- 
ing fuel. 

Referring to the report of Mr. Clark, the Testing Engineer, it appears that the con- 
ditions varied considerably for dififerent kitcheners, with regard to dimensions as well as 
to capacity. Yet it is satisfactory to observe that the kitcheners which were the most 
economical in fuel were amongst the largest. Though Mr. Engert's and Brown & Green'a 
kitcheners made the least smoke, in burning bituminous coiil, they were not low in con- 
sumption of fuel. It apj>ear8 t« the jury that those exhibitors whose kitcheners com- 
bined most effectively the conditions of economy of fuel, low smoke-shade, and qoatity 
of work, were the following, to whom they recommend awards :— 

LIST OF AWARDS. 



To T. J. CoNSTANTiNE, Fleet Street, for Treasury Range, a Silver Medal. 

To The Eagle Range and Koundkv Company, Fleet Street, a Silver Medal. 

To TnE Radiator Range Company, Cannon Street, whose kitchener is of novel design, 
and combines facilities for front-roasting in conjunction with oven^oasting, a Silver 
Medal. 

To Brown & Oreen, Luton, who adopt a novel method of under-feeding, with means of 
roasting in &ont, a Silver Medal. 

To The Falkirk Iron Company, Upper Thames Street, who adopted a novel modifi* 
cation of Dr. Siemens' system of gas-and-coke fire, for roasting and baking, a 
Silver Medal. 

To Newton, Chambers & Co., Sheffield, for their Thomcliffe Range, a Bronze Medal. 

To W. Stobbs, Pimlico, for the Anthracite Range, a Bronze Medal. 

To M. Febtham & Co., Clifford Street, for their W.F.S. Kitchener, a Bronne MedaL 



Jfwr a iltecriptuiii of each artitjle tiuit was tested vn. this aection, a)id particulars of tke 
reaulta of the testa, ate Mr. Clark's Report, page 96. 




REPORT OF THE JURORS ON GAS COOKIXG-STOVES AND GAS 
HEATING-STOVES. 

The display of apparatus for the application of coal gas to cooking and heating 
purposes was very extensive and complete, not only reflecting great credit upon the 
exhibitors, but also proving to demonstration the gi'eat capabilities of coal gas ae a 
substitute for solid fuel in the household, the workshop, and the manufactory. Especially 
IB this of importance when it is remembered that no other kind of fuel can promise 
more for the abatement of amoke ; none being so readily or even universEilly accessible, 
and at the same time, vrhen properly uaed, so absolutely smokeless in its character, and 
convenient of application. To the public it will be of interest fo know that the advantage 
of cleanliness and convenience may be largely secured, not only without pecuniary loss 
as compared with the cost of coal, but in many instances with positive gain. 

For cooking purposes there were exhibited stoves of every size and capacity, from 
the small griller, suitable for cooking a simple chop, fo the large roaster, adapted to 
the requirements of the most extensive estjiblishments, the most numerous being stoves 
suitable for every-day use in families of about twelve persons, from which a selection 
was made for practical testing. As compared with previous gas exhibitions it was 
noteworthy that a considerable advance had been achieved, in style and finish no less 
than in completeness and adaptation to the varying necessities of the kitchen. For in- 
stance, with scarcely an exception, all the medium-sized cooking-atoves were adapted 
for grilling ; this operation being effected upon the top, and by means of the same 
burners that are provided for boiling purposes ; so that with an almost inappreciable 
consumption of gas a breakfast may be cooked in a very short space of time, and the 
labour and expense of fire-lighting altogether avoided. The trials of the cooking 
stoves were supervised by Mrs. Charles Clarke, the Lady Superintendent of the 
National Training School for Cookery, South Kensington, who kindly volunteered to 
assist at the tests, details of which are given in the report of the Testing Engineer. 
The stoves submitted to the jurors for examination were uniformly satisfactory, although 
exhibiting a wide range of consumption, some requiring for the same description of work 
fully three times as much gas as others. The general tendency, however, amongst manu- 
fecturers is evidently towards the study and application of economical principles ; in 
which some have been already conspicuously successful, while still leaving room for 
further improvement. The fact that a 12-lb. joint can be cooked in London at a cost 
of very little more than a penny for gas, with a prospect that this may reduced, ought 
to prevail with many a householder to try gas cooking, if only as an auxiliary to bis 
present appliances. 

Without doubt there is a great future before gas as a heating agent, and too much 
publicity cannot be given to the various uses to which it can beapplied. For so simple 
a purpose as ironing, the laundress may be materinlly assisted by such an arrangement 
as was exhibited, for keeping irons continually hot while in use by means of a 
gas jet. For the rapid heating of water for the supply of baths and other domestic 
purposes gas was shown to lend itself with great facility, the action of the heaters 
consisting of the application of the gas to a stream of water on its flow from the 
pipe or cistern to the point of use, the temperature being raised in proportion to th« 
quantity i>f gas used and the volume of wafer delivered. 
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Heating-stoves were represented bj almost every conceivable form, from tbe 
suspended fire baaket to the elaborate and scientifically conatructed ventilating stove. 
Tbe latter claas claim special attention, as being calculated in an eminent degree to 
promote sanitation. A ventilating st.ove when properly constructed and put in action 
may be made to secure a constant ingreBs of warmed fresh air, and thus any desired 
temperature may be maintained in a room without sensible variation for almost any 
length of time, and without the trouble of attendance and regulation. At the ftame 
time the products of combustion are carefully got rid of — a point of great importance, 
and upon which it is impossible to lay too much stress ; eapecially as it is a condition 
which may in all cases be satisfactorily fulfilled without much waste of heat. For 
cooking-stoves a cheap hood of wrought iron placed overhead, and communicating with 
a flue or with the outer air, effectually prevents annoyance from the escaping product* 
of combustion, or the smell given off while cooking is going on. 

The testa which were made with the various beating-stoves exhibited, show that 
any room of moderate dimensiona may be effectually warmed with a consumption of gas 
not. exceeding from 10 to 15 feet per hour. 

Gaa fires are deservedly becoming popular on account of their cleanliness and 
convenience, requiring no attendance when alight, and thus saving in many instances 
a very appreciable sum per annum in servants' wages. They are not, however, »o 
economical in point of consumption as heating-stoves, their effect depending mainly 
upon the amount of radiant heat which they are capable of producing, so that probably 
not more than one-third of the total heat produced by the combustion of the gas is 
made available in this form; nevertheless improvements conducing to greater economy 
were observable in gas fires, a very fair effect being in some instances produced with 
a consumption of not more than 18 to 20 feet per hour. As a matter of course gas used 
in this way cannot be so economical as solid fuel, with which it compares favourably 
only when the heat evolved by it can be completely utilised ; aud the desire of the public 
for a cheerful, clean, and at the same time economical fire has been aought to be met by 
combiniog with gas some form of solid fuel. A noticeable feature of tbe Exhibition was 
the frequent adoption of the form of fire introduced by Dr. Siemens, consisting of a 
combination of gas and coke or gas and anthracite coal, evincing considerable attention 
to the principle on the part of the exhibitors. The jurors, however, were not convinced 
by any of the examples Bhuwn, that any distinct advantage is the result of such a oom- 
bination beyond tbe fact that, by the occasional aid of a gas flame, the combnstiou of 
coke may be sustained more satisfactorily than when used alone and under less favour^ 
able conditions as regards draught. As a smokeleaa aud comparatively inexpensive fire, 
they have regarded the combination as one deserving consideration. At the same time 
they would urge the convenience of gas when used as a simple fire-lighter, a very useful 
device for which was exhibited by Messrs. Strode & Co. 

The application of gas to manufactures was mainly represented by a form of 
tinman's stove exhibited by the Lancashire t^las Meter Company, in which the ]mnciple 
of the blowpipe is introduced with considerable advantf^e, and by the exhibit* of 
Messrs. Thompson Brothers of Leeds. This firm for tbe first time publicly exhibited 
their gas kiln for burning pottery and stained glass, and for annealing and bending 
gloss. The jurors were led to the opinion, as the result of their examination, and 
inquiries respecting this kiln at the manufactories where it was in nse, that it inn 
highly successful example of the application of gas in (he ordinary way to an entirely 
new field. In which it contrast* most favourably with solid fuel. Tbe furnace is capa- 
ble of b^ing raised to a temperature of upwards of 2,000° Fahrenheit ; and it appears 
frotn the (ttatements of the users — namely, Messrs. Powell A Co, of Whitefriars. and 
Hfstrs. Britten A Gilvon of Union Street, Sout h war k— that whereas, with the old method 
of a Riuflle, heated by solid fuel, a ttiiigle fire occupied the whole day, the gas kUn 
can in the same pcrioti be fired as many us six times. There is thus a very important 
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advantage gained in the saving of time, since the different colours used in glass- 
staining have to be separately burnt in ; but in addition to this the saving of labour 
is appreciable, while the cost for fuel remains the same, or, if any variation, less. 

Messrs. Thompson Brothers also exhibited a small baker's oven, heated by gas upon 
similar principles, which gave every indication of proving a success. It is needless to 
observe that a great improvement is thus in prospect over the present wasteful, labor- 
ious, and even barbarous system of firing bakers' ovens, which produces vast quantities 
of smoke, and materially pollutes the atmosphere. 

There was a considerable variety in the display of gas engines, giving satisfactory 
evidence of the activity of invention in this direction. It cannot be too generally 
known that the direct application of fuel in a gaseous form for conversion into motive 
power is far more economical than the use of the same fuel for the production of steam 
in a boiler ; and the remark applies, only in a less degree, to a majority of cases in which 
ordinary illuminating gas is employed in connection with engines of moderate power ; nor 
need it be regarded as a mere matter of speculation as to whether or not the gas engine 
will displace the steam engine, seeing that such displacement has already commenced, and 
that in every town of importance the number of such engines may be counted by hundreds, 
notwithstanding the comparatively short time that has elapsed since it was brought by 
the labours and inventive genius of Otto and of Crossley to its present state of com- 
parative perfection. The jurors, not having had an opportunity of examining minutely 
and testing the various gas engines exhibited, are not in a position to make any award 
for them. 

Improvements in the use of gas for illuminating, purposes formed a conspicuous part 
of the Exhibition, notably the lamps of Messrs. Sugg & Co. at the entrance in the 
Exhibition Boad and near the lecture-room, and those of Messrs. Siemens in the 
conservatory. Great advances have been made of late years in this direction, and 
biumers are now made that give a largely increased amount of light for the same 
consumption of gas over those that were to be obtained a few years ago, although in 
too many instances the old burners and globes are still in use, and most of them are 
not giving the amount of light that is due to the gas consumed. In connection 
with burners, regulators of various forms and types were exhibited. These are very 
useful instruments, and their adoption is calculated to bring the use of gas into more 
general favour, as by them the supply to the burners is adjusted to the correct quantity 
and kept uniform. 

As the supply of gas for illuminating piurposes and its regulation cannot be con- 
fddered as directly conducive to the abatement of smoke, the jurors did not consider 
themselves justified in making any awards to the Exhibitors of apparatus having this end 
in view, although they at the same time feel that much valuable and praiseworthy work 
was shown by many ^hibitors. 

From the large amoimt of gas apparatus exhibited, and the attention that is now 
being given to its manufacture, it would appear that the use of coal gas as a fuel is likely 
to spread largely, and to become one of the readiest and most practicable means of 
abating the smoke nuisance in London and other large towns. 

lie jurors have divided the coal-gas exhibits into two grand divisions : 

1st. Cooking-8tx)ves. 
2nd. Heating-stoves. 

They have subdivided the cooking-stoves into ^ 

(aS Stoves suitable for families of about twelve persons. 
(6) Stoves suitable for large establishments. 

And the heating-stoves into — 

(c) Close stoves, from which the heat is conveyed into the apartment by 
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conduction from pipes or chambers, through which the bwated products 
of combustion paes. 

(d) Open stoves, or combination fires, in which gas is burned in combination 

with solid materials, and the heat radiated into the apartment. 

(e) Gas baskets, or fires, from which the heat is conveyed by radiation. 

For a general description of the exhibits, see the reports of Mr. D. K. Clark, Testing 
Engineer to the Committee. 

In making the awards for the cooking-stoves, the jurors have consirtered chiefly the 
amount of gas required to do a certain amount of work, and the manner in which the 
work was done, at the aame time bearing in mind the workmanship and construction of 
the stoves, their finitib and probable durability, coupled with price, also the facilities 
for doing the work, and any special features with which each one was credited. 

And, for the heating-stoves, the amount of gas and other fuel consumed in a given 
time, coupled with the temperature to which the air of the apartment was raised, the 
ventilation produced, and the means of removing the products of combustion, also the 
general appearance of the stoves, their workmanship, and adaptability for domestic use. 

The following is the list of awards recommended in this section : — • 

LIST OF AWARDS. 
Gas Oven. 

To Thompsos Brotbers, Leeds, a Gold Medal for their Patent Kiln and Baker's 
Oven, being a distinctly new application of the use of Coal Gas, and one 
calculated to largely promote the abatement of smoke. 

GiS Cookino-Stoves. 
(a) Stows suitable for familire of about twelve 'persons. 
To H. & C. Davis & Co., Camberwell, Silver Medal. 
To Be\-erley & Wylde, T.«eds, Silver Medal. 
To J. Wright & Co., Birmingham, Silver Medal. 
To J. C. Stark & Co., Torquay, Silver Medal, in recognition of the principle 

adopted by them of burning the gas outside the oven in which the cooking 

is carried on. 
To BiLLiNcs & Co., New Oxford Street, Bronze Medal. 
To S. I^osi Si. Co., New North Road, London, Bronze Medal. 
To Chakles Wilson, Leeds, Bronze Medal. 
To Waddell & Main, Glasgow, Bronze Medal. 

(6) Stot'iw suitable for large establlekment)i. 

To J. Slater & Co., Holborn, Silver Medal, for Excellence of Material and 
Workmanship. 

Gas Heating -Stoves. 

(^) Close Btoves, from which the heal is convened into the apartment by conduction from 
pipfa or chamhers, through which the heated products of comMuitiwi pass. 
To J. C. Stark & Co., Torquay, for Cox's Ventilating Gas Stove, a Silver Medal- 
To Thk Samtahy and Economic SrppLY Association, Gloucester, for Dr. Bond's 
Euthenuio Ventilating Stove (Pattern A), a Silver Medal. 
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{d) Open stoves^ or combination firea^ vn which gas is burned in combination with 
solid materials f and the heat radiated into the apartTnent. 

To Waddell & Main, Glasgow, for Dr. Siemens' Gras-and-Coke Fire, a Bronze 

Medal. 
To G. Wright & Co., Botherham, for Dr. Siemens' Gas-and-Coke Fire, a Bronze 

Medal. 

(«) Oas baskets f orfires^from which the heat is conveyed by radiation. 

To S. Leoni & Co., New North Boad, London, for Hanging Gas Fire, a Bronze 
Medal. 



For a description of ea^h article that was tested m this section, and particulars of the 

results of the tests^ see Mr. ClarVs ReporU page 102. 
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IV. REPORT OF THE JURORS ON GAS-PRODUCERS. 

Two systems of generating combustible gases from solid fuels were exhibited. The 
Wilson Gas-producer, exhibited by Bernard Dawson, is a vertical chamber, about 10 feet 
deep, kept nearly full of small bituminous coal. A mixture of air and steam, comprising 
20 parts of air to 1 part of steam by weight, is delivered into the lower part of the 
chamber, the air being induced by two small jets of steam. The fuel is resolved into 
the combustible gases, carbonic oxide and hyckocarbons, in the manner of the ordinary 
gas furnace ; and the cost of production of the heating gas is, it is said, less than a 
halfpenny per 1,000 cubic feet. This statement was not submitted to proof by any 
form of test ; and it remains to observe that the gas-producer exhibited by the Dowson 
Economic Gras Company, for the production of cheap gas, was tested with good results. 
It was proved that the cheap gas could be produced at a cost, including general charges, 
of 4<2. per 1,000 cubic feet, and that it was successfully and economically applicable, not 
only as a heating agent, but also a motive power. 

The jurors reconmiend that the following award be made : — 

To The Dowson Economic Gas Company, Great Queen Street, Westminster, for 
their system of producing Cheap Gas ; and the applicability of the gas as a 
generator of heat, and as a motive agent, a Gold Medal. 



descrvptian of the Dowson Oaa-producery and particula 

teatSf see Mr. Clark^a Beportypage 112. 
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T. REPORT OF THE JURORS ON APPARATUS FOR HEATING ROOMS AND 
BUILDINGS BY HOT AIR, HOT WATER, AND STEAM CIRCULATIOJf. 

The jurors have confined their attention to the Hot-Water apparatus exhibited, which 
alone was subjected to tests sufficient to establish the relative efficiency of different appa- 
ratus. Three systems of warming by hot water were tested— distinctly different from each 
other, and affording instructive contrasts : — Franklin, Hocking & Co.'s system, consisting 
of two circuit-lines of hot-water pipes, placed near the walls ; Deards* system, consisting of 
a coil of water-tubing which formed the fire-place, and was connected with a cistern, and 
in which water was rapidly heated and circulated ; and Stainton's, in which, also, a coil 
of water-tubing formed the fire-place ; and in which, with an extensive coil in the middle 
of the rooni, the heated water was circulated under very high pressure, and, of course, at 
a high temperature. 

The drift of the evidence points to the greater efficiency of the smaller circulating 
piping ; and the jury recommend that the following awards be made : — 

LIST OF AWAEDS. 

To W. & S. Deards, Harlow, Essex, for their Coil Heating-Apparatus, a Bronze 

Medal. 
To W. Stainton, Liverpool Street, King's Cross, for his Frost-Proof Hot-Water 

Apparatus, a Bronze Medal. . 



For a description of the articles that were tested in this section^ and 'particulars of the 

results of the trials ^ set Mr. Claris Report^ po>g^ 11^- 




VI, REPORTS OF THE JURORS ON STEjiM BOILER APPLIANCES, 



From the point of view of the Exhibifioo, this class of appliances are of speciaJ 
interest, as it was by their aid that the iirst efforts nere made to abate the niUBance 
arising from smoke. James Watt appears to have suggested (1785) the use of smoke- 
consiiming boiler furnaces, fed with cold air; but in 1801 Roberton adopted an 
arrangement devised by Watt, in which cold fuel was fed behind the incandescent mass 
on to a slightly inclined grate. On the other hand, Darcet in France, and Parkee in 
England, seem to have been the first to attempt the solution of the problem by an ulter- 
native scheme, which involved the admission through the fire-hridge of a stream of 
heated air, with a view to complete the combustion of the smoke and gaseous products; 
while a third scheme was patented in 1 837 by Fairbaim, who provided two grates, and 
BO arranged the stoking that when one furnace is in full combustion, the gaseous pro- 
ducts from the other pass over a mass of incandescent fuel, the direction of the combus- 
tible gases and smoke being alternated from time to time. 

Numerous plans for the prevention of smoke followed the efforts of James Watt, 
but in this country the question does not seem to have assumed public importance 
until 1829, when a Select Committee of the House of Commons specially considered the 
effect of factory furnaces in relation to public health ; and in 1843 another Committee 
inquired into the ' means and expediency of preventing the nuisance of smoke.* Since 
that time the use of mechanical appliances for lessening the production of smoke has 
gradually increased. 

Great progress has been made since the beginning of the century in the use of 
waste gases of blast and other furnaces for heating steam boilers, and knowing how much 
has been done in this direction, the jury cannot refrain from espressing their disappoint- 
ment that no form of boiler furnace was submitted to them in which fuel is converted 
into gas before it is used for heating the boiler. 

The jurors find that much misconception prevails as to the economy attending the 
combustion of smoke. It is urged, even by modem authorities, that the combuetion of 
smoke is not economical, because the escess of air which it is necessary to introduce 
through the fire to effect the combustion of smoke has to be heated, and the heat so 
npplied more than balances that produced by the combustion of the smoke. As regards 
actual sooty smoke, the solid carbon in which probably does not exceed 1 per cent, of 
the amount in the fuel burnt, this view may be correct, but the completion of the com- 
buetion of invisible carbon present in the gaseous products, as carbonic oside or as hydro- 
carbouK, is certainly remunerative, and the tests made by Mr. D. Kinnear Clark show that 
increased efficiency, measured by evaporative power of the fuel, was obtained by the use 
of many of the various appliances exhibited. 

The jurors also find a widespread belief that a careful stoker can attain by skilful 
trtalment of Ihe btjjler fire all the effect? that a mechanical smoke-consuming appliance 
will yifUi, and the uniformity with which 'mechanical stokers' act has often been 
urged M n reason against their use. With reference to this jjoint, the jurors consider 
Ihnt rnnrkei) advance is shown by the t^ro taken in devising appliances to meet the 
roqnin-iiiinis of daily practice, and they are satisfied that mechanical appliancei 




may reaflily be adjusted so as to meet the ohangiug neeHs and conditiona of the furnace, 
and that they are, in the end, less costly than the skiUed labour required to produce 
equal results by hand-firiug. 



MECHANICAL STOKERS. 

Mechanical stokers are designed with the following objects; viz., the Bubstitu- 
tion of mechanical power for the manual labour of the stoker, the delivery of a small 
and continuous supply of fuel to the furnace in the place of the larger quantities caBt 
in by hand from time to time as reqiiired, and the constant movement of the fire-bars by 
which the adhesion of masses of clinker to the bars is prevented, thus permitting at all 
times the free access of air beneath the fire to promote combustion. 

The use of mechanical stokers is of the greatest importance in abating smoke. 
Not only is the saving of labour very considerable and the saving of fuel most marked, 
but in nearly all the forms shown in the Exhibition and tested while in operation, smoke 
was during their working either entirely avoided or much reduced in amount, but most 
of them require occasional asaistancQ by hand, thus showing that they are still open to 
further improvement. 

The mechanical stokers exhibited are divisible into two classes, viz. : 

I. Those delivering the coal in the front of the fire, where it is gradually coked 

and pushed backwards over the fire-bars. 
IT. Those which operate by spreading or scattering the fuel over the whole 
surface of the grate. 

In Class I. we have the following :— 



Vicars' Pjitbht SBLy-StoKiNO Smokeless Furnace. 

In this the alternate fire-bars are lowered and drawn towards the front of the boiler, 
and then the whole of the bars travel forward together. The feed of fuel is eSected by 
pushing the coal in from hoppers placed in front of the boiler, and down which it passes 
to the feces of the plungers or rams. Tlie fire-bars have a stroke which can be adjusted 
from 0" up to 4". The motion is derived from an over-head shaft, provided with an 
eccentric at each end, working a ratchet wheel and pawl by which a horizontal shaft on 
the front of the stoker is made to revolve. The bars take their motion from the horizontal 
shaft by means of cams. The cams are so designed that one set of alternate bars is 
lowered, drawn towards the face of the furnace, and raised. The other set of bars then 
goes through the same movement, and the cycle is completed by both sets of bars being 
thrust back into the furnace together. The speed of the horizontal shaft and fire-bars 
can be adjusted from 30 to 120 revolutions per hour by varying the travel of the pawl 
on the ratchet wheel. When required, the furnace can be fired by band through a door 
between the rams. 

Sinclair's Mechanical Sblf-Actinq Stoker. 

In this the coal is fed into the furnace from a hopper, as iu Vicars's, but the feed is 
varied by the adjustment of the stroke of the ram from 1^" to 4". The fire-bars are in 
five sections, each section consisting of three bars, the outer bars being flanged and the 
centre one being of the herring-lxine section. The far end of the centre bar is bevelled. 



and riseH on a, orosa bearer aa it ia pushed btkck, so as to break up cltokera forming at the 
further end of the furnace. The motion of the fire-ljars aud the ram Ib taken from a five- 
throw crank ahaft placed in front of the boiler, from each of which a short connecting 
rod gives motion to a seotioD of three bars. The fihaft ia driven by a spur wheel and 
pinion and a belt pulley, and can be thrown out of gear by a clutch. The speed of the 
crank shaft is one revolution in 1^ minute. There is no means of varying the ratio of 
the speeds of crank shaft and driving pulley. During the time this stoker was being 
tested the quantity of water evaporated per pound of coal was much lower than in some 
other forms exhibited, but on the other hand, the boiler being only temporarily erected 
was not set in brick-work or coated, and the coal employed was of a very inferior 
description. The excellence of this stoker waa shown by the complete absence of smoke, 
and by the efficient manner in which it dealt with the heavy masses of clinker formed. 

KnAp'g Mechanical Stoker, — Exhibited by the PateTit Steam, Boiler Company. 

In this mechanical stoker the hopper from which the fiiel is fed is provided with a 
slide, by which the supply to the crushing and feeding roller may be varied or entirely 
cut off. After paaaing the roller the coal falls down an inclined plane to the front of the 
pusher, which dtlivera it on to the dead plate and thence to the fire-bars, iive of which are 
movable and six fixed. The movable bars are hooked at the front end and rest on 
a cross bar, to which a reciprocating motion is given by a pair of aide levers working on 
a pivot, and which also give motion to the pasha's. The entire mechanism is simple 
and well arranged, and is not liable to get out of order, but when tested it did not 
entirely prevent smoke. 

McDocoall's Mbcrakical Stoker. — Exhibited by the Chadderton Ironworks 
Company, Limited. 
This is somewhat similar in arrangement to Sinclair's. The whole of the bars are 
movable, and rest at their front end on a horizontal shaft of Bessemer steel. The ahaft 
oonaiste of a succession of cranks or eccentrics of J-inch throw, turned on thre« centres 
pitched at angles of 120 degrees apart. The far ends of the fire-hara rest on a bevelled 
cast-iron bridge, causing each bar to rise or fall as it is pushed forward or withdrawn. 
Each bar rests at iXn front end on its own eccentric or crank, thus its motion is one 
third of a revolution liefore or after that of each of its contiguous bars. The motion of 
the crank shaft is derived from pulleys of three speeds. The ram or pusher Is of a less 
depth at the centre than at the sides, by which means the supply of fuel is kept lower 
at the centre. The coking plate upon which the fuel is first passed projectij a short 
distance into the furnace, to facilitate coking, and is provided with apertures for the 
admission of air, thus the fuel is readily ignited before reaching the bars. 

In Class II. we have ; — 

James Proctor's Mbchahical Stoker and Movable Firb-babs. 

In this a single hopper is placed between the two flues of the boiler. A mm 
Bt the bottom of the hopper pushes the fuel alternately to the right and left along two 
horixontal passages leading to a shovel box at each end, facing the flues. From each 
box a shovel, actuated by the release of a spiral spring, projects the coal into the 
furnace. The shovels are withdrawn to a different extent in each of three sucoessiva 
strokes by three cams giving a different degree of extension to the springf^ thus 
importing a different velocity of projection to the coal and causing it to fall on a portion 
of the furnace varied for each of three auceeseive utrokes. The springs can be adjusted 
to give the impulse required, and the impact of their recoil is softened by baffett. A 
flap door is provided for hand-firing when required. The fire-bars are rock«d by a baad 
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lever in Iront of the furnace. When tested this stoker ehoweil a light hut coDtinuoua 
smoke, which was less than half that produced during hand-tiring. 

Holroyd- Smith's (Knowles and Halstead) and J. Newton and Son's mechanical 
stokers, are described in Mr. Clark's Report, pages 130, 131. 



FIRE-BRIDGES, FIRE-BARS, FURNACE-DOORS, STEP AND INCLINED 
GRATES, &c. 

The system of admitting air through a perforated fire-bridge, at. a sufficiently- 
elevated temperature to effect the more or less complete combustion of the fuel, Ib ao 
well known that it is not necessary to dwell on the principle. It may be added, however, 
that the Committee are of opinion that any Bystein by which air is introduced with a view 
to complete the combustion either of gaseous or of solid fuel, that has been imperfectly 
burnt on the grate of the furnace, is objectionable, and is not likely to lead to the most 
economical results ; and, further, in cases in which the amount of air introduced cannot 
"be controlled either automatically or by hand, waste may arise in two ways; either 
sufficient air may not be admitted, in which case fuel will be wasted ; or too much air 
may pass through the furnace, and thus lead to waste of heat. 

Cast-ieos FiBB-BRiDOB. — Exhibited by Chubb & Co. 

A hollow cast-iron bridge is applied at the back of the fire-grate of internally-fitted 
boilers. Its end elevation is semicircular, and it is faced on the side nest the fire with 
a thick tile of tire-clay. Two semicircular cast-iron wedges are so placed between the 
external walls of the bridge as to leave three transverse slots, each about an inch wide, 
through which streains of heated air are supplied te the fiame as it passes over the 
bridge, the semicircular form of which promotes the admixture of the air with the 
combuftible gases and smoke. There isaleo a fourth slit, a lateral one, opening through 
the wall of the bridge nearest the fire. Air is admitted from the ash-pit to the bridge, 
the supply being regulated by two valves, one of which gives access to the lateral slit. 
Tlie teste to which this appliance was submitted showed that smoke of a low degree 
of density was only emitted for a few minutes, and that during 98*4 per cent, of the 
time DO smoke could be detected. 

Tdbular FiEB-BBiDQB, — Exhibited by Ireland & Lownds, 
It consists of a number of cast-iron tubes bent thus ~~\, the horizontal limbs 
of which are laid on the masonry of the fire-bridge of the furnace, while the other hangs 
down on the side next the fuel, and reaches below the fire-bars to the ash-pit. Air 
enters from the ash-pit, and is delivered at the upper end of each pipe through a 
horizontal grating. The air, after being heated by transmission tlirough the pipes, 
thus meets the combustible gases from the fuel. The appliance proved efi^icient in 
consuming the smoke of a very bituminous coal, the pressure of stewn being materially 
iocreased by its use while the amount of fuel consumed was diminished. 

Vbbtical Gbatbs in A Boiler Fcenach. — Exhibited by the Wavieh Patent Fuel 

Economizer CoTnpany. 

A tube nms nearly along the axis of the fire-place of a Cornish boiler, and water 

circulates through this tulie. On each side of the tube, but at a lower level, a nearly 

Rolid horizontal plate is arranged. These level dead plates extend the whole length of 

the furnace, and sloping grates rising from them serve te support the water tube. In 

e2 



charging the furnace, these sloping grates are almost entirely covered with fuel, which 
reaches half up the tube. Air enters through the sloping grates, and the result ii 
complete prevention of smoke when hard steam coal is vsed. 

As * Undek-fed' Staoe Gbatk.— E'a:fti6it«i by James Farrar £ Co. 
This is a modiOcation of the well-known ' step ' grate devised for btimiog 
bituminous coal in a fine state of division. The steps on which the fuel rests are arranged 
in four stages, each of which is 9 inches above the other. The first, second, and third 
from the top are formed of plates 3^ feet wide, terminating, on the fuel aide, in grates 
partly horizontal, and partly inclined thus, N. The fourth and lowest stage ia a 
horizontal grate, and on it clinkers and aab are collected. The important feature of 
the appliance consists in the facility with which the incandescent fuel covering the steps 
may be ' under-fed ' by placing fine ' slack ' coal on each of the stages, and by pushing 
the fuel gently inwards. As is usual in step-grates, the fuel Mis gradually from the 
top to the bottom of the series of steps, so that an inclined bed of fuel is readily 
formed. The tests showed that no smoke whatever escaped bora the chimney. 

Obtis'8 Steau Lnjectoh. — Exhibited by the Great Britain Smoke Consuming Company. 
It has long been recognised that the efficiency of the system of injecting air by means 
of a steam jet, with a view to completing the combustion of fuel, depends on the 
mechanical intermingling of the air and gaseous products of combustion which is thus 
brought about. The tests showed that, in burning Welsh coal, the evaporative power 
of the fuel was increased by the use of the appliance, whilst the smoke evolved was of a 
low degree of density. 

Blocxsaoe's Suoik-Conscmee abd Fubl-Economissb. — Exhibited by John CoUinge. 
It consists of an inclined grate, external to the boiler, and set in a fire-place of fire- 
resisting clay slabs. These become strongly heated, aud, by heating the air, completely 
effect the combustion of smoke. 

Balanced Doob. — Exhibited by W. A. Ma/rtin £ Co. 
Of the numerous forms of furnace-doors eahibited, the jurors consider that this door 
postiessea ihp greatest merit. The supply of air can be readily adjusted by lia aid, and the 
test showed that the appliance was efficient in preventing smoke. 

Livet'b Method of Settiso Boilebs. — EtrJiiliited by the Livet Boiler and Fumaca 
Company. 
Tlie system consists in providing the boilers with flues which gradually enlarge as 
they advance from the fire-place. The products of combustion after leaving the fire tubes 
of Coruiab or Lancashire boilers are conducted liack to the front by a lateral Hue of 
larger sectional area than the internal tube or tubes collectively. The gases then pass 
back aguiu by a second lateral flue of still larger sectional area than the first. Two 
oapHciouB chambers are placed, one at each end of the boiler, for the collection of dust 
and carlxm, aud the sectional area of the chimney enlarges towards the top. It ia 
asiterted that, by Mr. Livet's arrangement of enlarging flues, the draught is improved, 
and, in consequence of the retarded velocity of the current, a greater proportion of beat 
is aheorbed by the boiler than would be the case in a system of flues of uniform section, 
ttat is factor}- evidence was afforded as to the increased evaporative power of the fuel 
attending the adoption of the system, which also proved useful in preventing the evolu- 
tion of SDioke. The fire-bars are wedge-shaped in section, and being of unusual depth, 
have b«:u divided into an upper and a lower portion in order to protect them from 
fracture by expiinsion. 
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Atmospheric CfflMNEY. — Exhibited by E. 0. Wiry. 

M. W^ry's system of promoting draught and combustion , by spirally-directed 
currents of cold air in the chimney, was original ; and it proved very efiective. 

The following is the list of awards recommended in this section : — 

LIST OF AWARDS. 

Mechanical Stokers. 

To Gborob Sinclair, Albion Works, Leith, a Silver Medal. 

To T. & T. Vicars, 29 Seel Street, Liverpool, a Silver Medal. 

To The Patent Steam Boiler Co. (Knap's), 28 Heneage Street, Birmingham, a Bronze 
Medal. 

To The Chadderton Ironworks Co., Limited, 10 Mark T^ane, London, E.C. (M*DouG all's), 
a Bronze Medal. 

To James Proctor, 5 Albion Terrace, Burnley Lane, a Bronze Medal. 

Fire-bridges* 

To Chubb & Co., of 28 New Bridge Street, London, E.C., for their Cast-iron Semi- 
circular Fire-Bridge, Bronze Medal. 

To Ireland & Lownds, of 46 West Street, Leek, Staffordshire, for their Cast-iron 
Tubular Fire-Bridge, Bronze Medal. 

Firs-Bars and Grates. 

To The Wavish Patent Fuel Economiser Company, 110 Cannon Street, London, E.C., 
for an Application of Vertical Grates in Steam Boiler Furnaces, Silver Medal. 

To James Farrar & Co., Old Foundry, Bamsley, for Barber's Under-Feeding Stage 
Grate, Bronze Medal. 

To John Collinge, Wallshaw House, Oldham, for Blocksage's External Liclined Grate, 
Bronze Medal. 

FORNACE-DOORS AND FiTTINGS. 

To W. A. Martin & Co., Pocock Street, Blackfriars Eoad, London, E.C., for a Balanced 
Fire-Door, Bronze Medal. 

To The Great Britain Smoke Consuming Company, St. Stephen's Chambers, Telegraph 
Street, London, E.C., for Orvis's Steam Injector for Consuming Smoke, Bronze 
Medal. 

Boiler Settino. 

To Livet's Patent Improved Boilers and Furnace Company, Short Street, Finsbury 
Pavement, London, for Mr. Livet's Method of Setting Boilers, and for Fire-Bars, 
Silver Medal. 

Chibiney. 

To E. G. Wf RY, Paris, for his Atmospheric Chimney, Bronze Medal. 



For a description of each article that was tested m this section, and particula/rs of 

rtsuUs of tests, see Mr. Clark's Report, page 118. 




Vn. REPORT OF THE JURORS ON KILNS AND OVENS. 



1, MtNTONs' SmokelesB Pottery Oven or Kiln was represented by a large drawing, 
showing ia full detail the design and construction of the oven as in operation at the 
works of the eihibitflrs, at Stoke-on-Trent. 

The patents of treneral H. Y. D. Scott, granted in 1868 and 1869, were naed 
by Messrs. Mintona, and subaequently improved by them. In the earlier ovens, 
the fuel was burned in feeders or mouths, disposed partly on the outer circum- 
ference of the oven, and partly under the walls. On this system, much of the heat 
radiated from the fuel, and contained in the gaseous products of combustion, waa lost 
in heating the brickwork. In Mesars. Mintons' patent of 1873, the old feeders are 
dispensed with, and the combustion of the coal is entirely effected inaide, or in the hold 
of the oven, so that the heat is directed on the aaggera containing the ware, and economy 
of fuel ifi effected. Beaides, by the addition of a second chamber on the top of the oven, 
means are provided for utilising the heat that passes from the oven, for hardening 
printed ware, or for firing ari^icles of jx>ttery for which a low heat is necesaary. 

The feeders, of which there are a considerable number ranged round the oven, are 
constructed on the principle of the gas furnace, in which the coals are piled on a grate 
in a bed of considerable depth, from which the combustible gases, carbonic oxide and 
hydrogen, are discharged. These are met by regulated supplies of air introduced in the 
upper part of the furnace, for the purpose of effecting their complete combuation, with 
an extended circulation of the flame. The flues leading to the outer chimney are free 
from inflammable gases, and they hold a suSicient proportion of free air to constitute a 
highly oxidising mixture, securing richness of colour and glossiness in the glazed ware. 
Taking into account that Mintons' oven holds more goods than old ovens of equal 
diameter, it is reckoned that the saving of fuel effected by Mintons' oven is not lea* 
tlian 40 per cent, 

A deputation of the Committee— consisting of the following members: Dr. Siemens, 
F.R.S., LL.D., Col. Festing, K.E. (Science and Art Department), Win. R. E. Coles, C.E., 
accompanied by their engineer, D. Kinnear Clark — visited Mintons' vorka on 
December 28, 1881 ; and they inspected the under-mentioned ovens : — 

One earthenware biscuit oven. 

Two earthenware glost ovens, 

One china biscuit oven. 
They also inspected a large tile oven at the Campbell Tile Company's Encaustic and 
Hoor Tile Works. 

The ovens were firing in various atages, without the slightest trace of smoke from 
the summit. 

2. Jamk}' Di'snachie's Continuous Regenerative Kiln, for burning bricks, pottery, Ac, 
patented in 1881, was inspected in operation at the Glenboig Star Fireclay Works on 
June 6, 1882, An actual test for consumption of fuel was not made ; but, from the 
results of examination and inquiry, it would appear that the saving in fuel may be 
estimated at fnlly 50 [wrceut. ; and that the saving in time of 'full firing 'is equally im> 
portanU The kiln ia constructed to bum gaseous fuel, obtained from two producen, 
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each of which is capable of detomposing 4 cwt. of slack per hour. Ten ovens are 
placed in circuit, and are so cooiiecttni that the hot gaseous products of combuBliun from 
an oven * on full tire ' are passed into and through the next oven in advance, where the 
fresh bricks are dried by the heat, and prepared for full tire. From the preceding oven, 
a supply of heated air for supporting combustion at a high temperature in the oven on 
full lire, is obtained by passing the air for combustion through the piles of hot bricks 
which are left to be cooled before being withdrawn. By this arrangement, a twofold 
source of economy is opened — the heating of the air for combustion by the residual heat 
of the oven full of burnt bricks, and the drying of the fresh bricks by the hot products 
of combustion, which pass from the oven on full fire, on their way to the chimney. 

The Regenerative Kiln is praeticolly smokeless. It is adapted for burning the 
most refractory bricks and blocks; but it can be adjusted to bum ordinary bmlding 
bricks. The working cost for personal atteudance upon the kiln appears to be about 
the same as for that of the ordinary system ; but the saving of labour connected with 
the supply of fuel to the producers, and from the better internal arrangement of the 
works, is considerable. 

3, Thompson Brothers' Smokeless Gas Oven, for burning stained and painted glass, 
enamel colours, and pottery ; for coffee-roasting, baking, and annealing. The fuel ia 
gas, applied atmospherically. For baking bread, the gas is applied, not within the oven, 
but externally. The gas is made to pass round the oven, commencing at the top, passing 
down the sides, and under the floor, to a flue at the back. The construction of the oven 
is simple, as there are no fiirnace-doora, fittings, bars, nor ashpit. According to the 
results of a test made Februarys, 1882, the oven, being cold, was lighted ; and in the 
course of an hour and a half the temperature was raised to 350° F,, for doing which 270 
cubic feet of gas were consumed. The gas was then shut off, and the dampers closed ; 
and two hours later the temperature bad risen to 600°, in consequence simply of the 
transmission of heat from the flues. Three hours after turning off the gas the tempera- 
ture was 450°; eight hours after, it was 320°; and 22 hours after, it was 140°. The gas 
was again lighted, and in one hour, consuming 1 80 cubic feet of gas, 300° of temperature 
was attained. The gas was then turned off. Bread wae baked in 55 minutes, and, when 
it was drawn, 350° of temperature remained. Six hours after the gas was turned off 
there were 250° of temperature. Thompsons' gas oven has already been noticed in Re- 
port III. of the Jurors. It is here noticed specifically with respect to its employment for 
baking. Its beat-retentive power, in maintaining high tempteratures foragreat length of 
time after the supply of gas has been turned off, is a feature sufficiently remarkable to 
deserve further analysis. 

For burning glass and pottery, the gas is laid on inside the oven, and flames up 
from each side, across the arch, over the entire length and breadth of the kiln. At the 
works of Messrs. Britten and Gilson, Southwark, gas kilns have been erected, one of 
which, holding 12 square feet of glass (4 feet by 3 feet), is fired at a cost of Is. 2^rf., for 
fuel and attendance ; whilst a muffle-kilji previously used, cost, for coke and labour, 48. id. 
The gas kiln can be fired sii times in twelve hours ; the muflae-kiln only once in twenty- 
four hours. (Plate 65.) 

In concluding this notice of kilns and ovens, it may be observed that they comprise 
respectively — perfection of combustion on a large and practical scale ; utilisation to a great 
extent of heat otherwise wasted, and great increase of efficiency for operations involving 
extremely high temperature ; and an admirable application of the heating power of 
gas for purposes hitherto carried out in the clucoj-iest manner by the combustion of coal. 

It appears to the jurors that it would materially promote the development and 
extension of these inventions, affecting important industries, if they were submitted to 
fall and precise tests, for future publication. 




Till. REPORT OF THE JURORS ON ACCESSORY EXHIBITS. 



These was a variety of articles exhibited which, though useful and important, were not 
recognised as directly conducive to the abatement of smoke, and as such, eh'gible for 
receiving awards. Self-acting Gas-valvea or Governors belonged to this class ; and 
of these there were a few of established merit. There was the Regenerator Gas Lamp 
of the Siemens Patent Gas Light Companj — a lamp of exceptional britUancy and power. 
(Piute 66.) There were several gas-burners and minor applications of gas for smoothing- 
irons and soldering-irons. Chimney ventilators and smoke curers were exhibited in 
considerable variety, and of these T. B. Papier's Chimney Ventilator may specially be 
mentioned. The ^ Molua' Spray Ventilator, exhibited by E. Morite, was an elegant 
contrivance for supplying moist, cool air to a room in warm weather. 

The Silicate Cotton, or Slag Wool, exhibited by C. Baatsch proved to be of a high 
degree of efficiency in resisting high temperatures, and in its non-conducting qualities. 
It was applied to several boilers in the Exhibition, and to the steam cylinders of the 
engines employed to generate the power for Dr. C. Wm. Siemens' Electric I'^lmace. It 
was also employed as the non-con ducting medium encasing the crucible of this furnace, 
A. Haacke & Co. also exhibited a non-conducting composition, W, Berkefeld'a Fossil 
Meal, which could be laid on the surface of boilers, &c,, like plaster, only requiring to be 
kneaded with hot water before being used. The Fossil Meal consists of the purest 
silicious earth (Diatomacea), mixed with hair and some gluten, forming a plastic 
material. It was applied to the Vertical Steam Boiler exhibited by George Green. 

Dr. C. William Siemens' Electric Furnace, exhibited by Siemens Brothers & Co., 
was frequently exhibited in operation. It consists of an ordinary crucible of plumbago 
or other highly refractory material placed in a metallic jacket or outer casing, the inter- 
vening space being filled up with a bad conductor of heat, — in this instance, slagwool. 
A hole is pierced through the bottom of the crucible for the admission of a rod of 
iron, platinum, or dense carbon, such as is used in electric illumination. The cover 
of the crucible is pierced for the reception of the negative electrode — by preference a 
cylinder of compressed carbon. It is found in practice, that a current of ItH) webeni, 
having a resistance of 50 ohms, and representing 6 horse-power of energy, melts 1^ 
kilogrammes of steel in a quarter of an hour, in a hot cnicible. This is equivalent to 
6 kilogrammes melted per hour, with 8 kilogrammes of coal used under boilers, or 
1 '3 kilogrammes of coal per kilogramme of steel ; or 1 '3 pounds of steel per pound of coaL 

The Compagnie G4n^ra!e des Coodnites d'Eau exhibited a Coke Breaker: a machine 
for breaking up coke and assorting the broken coke into various sizes. The coke to be 
broken is delivered into a hopper, from which it descends and is broken between two 
series of toothed discs, revolving on two parallel shafts, thence falling into a revolving 
cylinder of plate-iron, perforated with holes of successively enlarged diameter. Th« 
cylinder is slightly inclined ; and the coke, travelling slowly downwards, is sifted into 
five lots of coke of difl'erent sizes. The production is four tons per hour; the power 
required, one and a-half horse-power. 
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IX. SPECIAL PRIZES. 

Dr. Siemens' Prize. — One Hundred Ouineaa. 

For the best method or arrangement for utilising fuel for domestic or industrial 
purposes with the least production of smoke. Divided, and awarded — 

To The Dowson Economic Gas Company, Great Queen Street, Westminster, for 
Gas Producer and several applications of the Gas, Fifty Guineas. 

To The Falkirk Iron Company, Upper Thames Street, for Gas-and-Coke-Buming 
Kitchener, Fifty Guineas. 

Ladies' Prize. — Fifty Ouineaa. 

For Smoke-Preventing Domestic Open Grate. 
Competition kept open. 

Ladies' Prize. — Fifty Ouineas. 

For the best Smoke-Preventing Coal-Burning Kitchener. Divided, and awarded — 
To T. J. CoNSTANTiNE, Fleet Street, for * Treasure ' Stove, Twenty-five Guineas. 
To The Eagle Range Company, Fleet Street, Twenty-five Guineas. 

Society of Arts. — Silver Medal. 

For the best Smoke-Preventing Coal-Burning Furnace. Awarded — 

To C. B. Gregory (Beverley, New Jersey), for Smoke-Burning Furnace adapted 
to Domestic and Industrial Purposes, and tested for Stove, Kitchener, and 
Steam Boiler. 

Manchester Assocution for Controlling the Escape of Noxious Vapours. — Fifty 
Pounds. 

For Appliance for Preventing Smoke in Steam-Boiler Furnaces. 
Competition kept open. 




ON THE GASES WITHDRAWN FROM FLUES TO WHICH THE GRATES 
AND STOVES WERE ATTACHED. 

Sy Professor W. Chasdlbb Roberts, F.K.S, 

ALTHOUGH elaborate experiments have been made from time to time with a \-iew 
to ascertain the niitare of the gasea generated in furnaces, but little attention has 
been devoted to the composition of the gases given off from stoves and grates. 

The first researches on chimney gases are due to Peclet ' who publiahed soma 
analyses in 1828, but his results and those of different experimenters who followed him 
were opeu to the objection that the samples taken for analysis were only small 
fractions of the total gases in the flues, and, as they were not taken with suffident 
frequency, they could not represent the mean composition. This grave defect was how- 
ever remedied by JL Scheurer-Kestner in an elaborate research on the composition of 
the flue gases of boiler furnaces, which will always form the basis of futare experiments 
in this lUrection. 

A series of eiperiraentB conduet«l by this distinguished chemist in conjunction 
with M. Meunier in 1868,' on the combustion of fuel in boiler furnaces showed the 
difficulty of burning fuel completely on the grate of a fiunace, and the analysis of 
the gases, made by them, led to the conclusion i — that the product-s of combustion 
always contain unbumt constituents even in f.he case of a thin layer of fuel and an 
excess of air of more than 50 per cent., that is to say, with volumes of 15 cubic metres 
of air for every kilogramme of coal burnt instead of 8 to 10 cubic metres. They also 
showed that the mean proport.ion of unbumt hydrogen reached 20 per cent, of the total 
amount present, which pointed to the fact that hydrogen is more difiBcult to bum, oven 
under favourable conditions, than carbonic oxide, and that with a thin layer of incan- 
descent fuel the unbumt carlx>n in the gas exists more often in the form of a hydrocarbos 
than of carbonic oxide. 

In any such experiments it is impossible to collect the gases over water, as their 
relative proportions would be changed by the unequal absorption of the constituents, 
but 1^ an ingenious device M. Seheurer-Kestner was enabled to aspirate continuously by 
water and to draw off, from time to time, subsidiary but representative samples Id a 
iimull receiver containing about 3 litres of mercury. Such a mercury receiver is sliown 
in the diagram, p. 36, and its insertion after the first chloride of calcium tube rendered it 
gmssible to withdraw a small measured volume of dry flue gas at fixed periods. I nuiy 
incidi'iitiiily mention that comparatively few of such subsidiary samples were withdrawn, 
hut the ajiiiliunce will, it is hoped, play au imjMjrtant part in the continuation of the 
work described in this report. 

It luiiKt be borne in mind that the chemical question to determine in the case of the 

I TraUf 4t la fhakur, 1. 1. p. M9, CI8S9). 

• Mfmoini trtroiU da HuUttiit tU la Suciffi Tndmtrtelli^ d^ Malirtim. Laaroii, Paris, 187S. Bm kIm 
SchFur«r.Kc(tnpr. Iteekrrct^* ntr Um proitiiiti gazeux de la eemlmftum itt la htmiUt, Ann. lU CWn^rf A 
Phft. t. IX. p. BB. I8T0. 
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stoves and grates exhibited at an exhibition opened with a view to ' abate the nuisance 
arising from smoke ' is to ascertain, Ist, to what extent the various appliances exhibited 
are smokeless, and 2nd, how far the absence of smoke really implies perfect combustion. 
The important point is therefore to determine how much carbonic anhydride (CO^) is pro- 
duced in each case, or, in other words, how much carbon is completely burnt, how much 
escapes as hydrocarbons or as carbonic oxide, and how much appears in the form 
of * soot.' The soot is unimportant when compared with the other products of imper- 
fect combustion, as the amount of fuel lost as soot is known to be small, and it is 
easy to ascertain by inspection whether much or little smoke is emitted from any 
particular appliance. 

In the following experiments, the importance of securing a representative sample 
of gas was never lost sight of, but it must be remembered that a high degree of 
accuracy is not possible in the case of open grates, as the conditions vary from time to 
time with the amount of air entering above the fuel and diluting the flue gases. 

After much consideration I determined to adopt continuous aspiration through a 
series of weighed absorbents, and, encouraged by the approval of Dr. Frankland, I sub- 
mitted the following plan to the Committee. I believe the method I am about to 
describe differs from any hitherto adopted by the fact that evidence as to composition 
was elicited from the entire sample of gas withdrawn from the flues of grates and stoves 
during a considerable period of time. 

A slow stream was drawn during several hours through a copper tube extending 
across the entire diameter of the flue, this tube being provided with a fine longi- 
tudinal slit which rendered it possible to draw the gases uniformly from the entire 
diameter of the section of the ascending current. In order to keep the slit free from 
soot a fine copper slip was caused to slide along it by means of a rod which could readily 
be worked externally to the flue. I should add that this form of tube for withdrawing 
the gases was suggested by M. Scheurer-Kestner in his classical series of experiments 
to which I have already alluded. 

The position in the flue from which the gases are withdrawn is by no means a 
matter of indifference, at least in the case of very hot stoves burning anthracite. 
With a view to collect soot, it should of course be as near to the incandescent fuel as 
possible, but M. Cailletet showed * that the gaseous products from furnaces must not be 
collected immediately after being liberated from the fuel, for a current of gases from a 
mass of incandescent fuel may contain notably more carbonic oxide than the same gases 
do when cold ; that is, by slow cooling combination of carbonic oxide and oxygen takes 
place. He gives the following analyses in proof of this ; both samples were withdrawn 
from the same point, and their temperature was above 500° C. Sample i. was, however, 
rapidly chilled by withdrawal through a cooled tube, while ii. passed through a hot 
metallic tube which facilitated partial recombination of the gases. 

I. n. 

Oxygen 766 1-21 

Carbonic oxide 821 1-42 

Carbonic anhydride 7-42 16-02 

Nitrogen 81-72 82-36 

10000 100-00 

The point from which the gases were withdrawn in the flues at South Kensington 
was in each case 10 ft. from the ground, and I believe the gases which reached this 
point passed into the atmosphere without change. The thermometer and anemometer 
were fdso inserted close to the tube through which the gases were withdrawn. 

Afl^er many preliminary experiments conducted in the Laboratory of the Mint, the 
following series of tubes was adopted, the general arrangement being shown in the 
accompanying drawing. 

> Bull Sue. Chim. Paris, t. vi. (1866) p. 104. 

f2 
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The effluent gases passed first through a tube loosely filled with asbestos to retain 
the solid particles of carbon or soot. They then passed through a U-tube filled with 
chloride of calcium to absorb water, and thence through three U-tubes filled with 
soda-lime to absorb carbonic anhydride, a plug of chloride of calcium being placed at the 
further end to prevent any loss of moistiu-e. 

The above tubes were placed on the external wall of the chimney close to the point 
where the copper tube issued firom the flue. The gases were then led through a glass 
tube to one of porcelain filled with cupric oxide heated to redness by means of a small 
furnace. 

The complete combustion of the remaining gases was thus effected, the carbonic 
oxide being burnt to carbonic anhydride, and the hydrocarbons and firee hydrogen to 
aqueous vapour and carbonic anhydnde. The water was retained in a U-tube filled with 
chloride of calcium, and the carbonic anhydride in two other soda-lime tubes — the residual 
gases, oxygen and nitrogen, then passed to the water aspirator, a chloride of calcium 
tube being interposed to prevent any moisture firom the aspirator penetrating to the 
system of tubes. 

After the residual oxygen and nitrogen had had a sufficient time to mix by diffu- 
sion in the aspirator, samples were in some cases sealed up in glass tubes, with a view 
to future examination. 

The above method would be comparatively simple if a pure form of carbon were the 
only fuel used, as the question would then mainly be to determine the relation between 
the carbonic oxide and carbonic anhydride produced by combustion ; when, however, 
coal containing any bituminous matter is employed the asbestos tube will retain, in 
addition to the firee sooty carbon, liquid and solid hydrocarbons. The asbestos tube also 
retains moisture either originally present in the fuel or the air, or in the mortar used 
in fixing the grate, in addition to the aqueous vapour which is produced by combustion 
of hydrocarbons. At the end of each operation it was necessary, therefore, to heat 
the asbestos tube gradually to about 200° C. This was at first done by means of a 
bath, but subsequently by the aid of a gentle flame, the aspiration being continued ; 
BO that the water and volatile solid hydrocarbons (if any were present) were thus 
driven forward and caught in the first chloride of calcium tube, while the gaseous 
hydrocarbons were expelled and burnt to carbonic anhydride and aqueous vapour by the 
glowing cupric oxide. 

A tube containing asbestos might have been placed — as in M. Scheurer-Kestner's 
experiments — ^inside the flue, where the heat would have been in most cases sufficient to 
drive forward water and hydrocarbons ; but it appeared to be better to place it outside, 
86 the heat of the effluent gases in the chimney would certainly vary greatly with the 
different stoves or grates, and serious complications in the results might thus have been 
introduced. 

No attempt was made to effect the condensation of the aqueous vapour by a Liebig's 
condenser, or other method of cooling, for, if the gas were cooled before passing to the 
asbestos, carbon would certainly be deposited with the condensed water and hydrocarbons, 
and, if the condenser had been placed after the asbestos tube, water and hydrocarbons 
woidd still be retained in the latter. 

At the outset three methods of taking the samples presented themselves : — 

(1) To draw through a certain fixed volume into the aspirator. 

(2) To continue the aspiration for a definite period without regard to the volume 
of gas collected, or 

(3) To combine these two methods, adjusting the rate of flow so that the volmne 
collected in a given period of time is approximately constant. 

Now it will be evident that in the open fire-place much of the air in the flue does not 
come in contact with the fuel at all, and that the dilution of the products of combustion 
by air varies with the rapidity of the draught. The displacement of a fixed volume of 
water in the aspirator would not then represent or indeed bear any relation to the volume 
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of gases absorbed by the reagents in the U-tabes, as the composition and tempeiatnrB 
and therefore deneity) of the gaseous column in the flue is continoally varying. 

If, on the other band, the time be maintained constant, and a sufficient period be 
allowed to enaure a fair sample of the gas being taken, then the absolute volume diBim. 
through will not be of importance, a« the iwini to determine is the relative proiwrtioa 
of the products of complete and incomplete combustion as indicated by the increase of 
weight of the respective absorbents, if, however, the volumes drawn through are very 
variable, errors of weighing would introduce irregular variations of the results. The 
hird method was therefore adopted. 

The aspiration was in each ease continued for three hoars from the first lighting of 
be fire. The average volume of the gas drawn through the tubes (J cubic foot or 
14 litres) was rather more than j^^sirs "f that passing up the flue, this being a larger 
proportion than that employed by Scbeurer-Kestner, who took about j ^ J^ „ „ of 3i© 
gaseous products. In some cases the volume of the carbonic anhydride, absorbed id the 
ubes and weighed, was about half a Utre, the other gases being in proportion. 

In stating the results, the amount of carbon completely burnt to carbonic anhydride 
B taken as the unitof comparison(l,0O0); the carbon as carbonic oxide,and the carbon 
ai the hydrocarbons are then expressed as thousandths (columns 6 and 7), and they repre- 
lent the proportion of fuel more or less wasted as compared with that completely bamt. 
The following are the analyses of the bituminous coal and the anthracite 
employed : — 
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One objection t« the method is that it does not distinguish between the half-burnt 
carbon existing io the flue gas as carbonic oxide, and the carbon present as hydro- 
carbons; for the combustion of these products is completed by the red-hot oxide rf 
copper, and the carbonic anhydride contributed by each is ultimately weighed in the same 
soda- lime tube. 

Ad attempt, was made in some preliminary experiments to employ cuprous chloride 
with a view to absorb carbonic oxide, but the use of a moist reagent introduces man; 
difficulties, and, as the results were unsatisfactory, it was abandoned. 

The increase in weight of the first set of chloride of calcium tubes has been igntwed, 
or, as they retain any moisture present in the fuel or in the air passing up the floe, 
they do not afford a trustworthy indication of the weight of water produced by the 
combuHtion of hydrocybons or hydrogen in the fiiel. 

It flhotdd be further pointed out. that the figures given in column 8 do not solnlr 
represent soot, or even the more solid ptirliclea of coal, as the asbestos tube will alw> 
retain fine particles of ash drawn up by the draught as well as fine dust, from the 
mortar used in setting the stove. I regret that the asbestos plug, blackened by the 
adhering soot, was nut in all cases sepuratcly burnt in oxygen with a view to detonnimi 
the oinct proportion of carbon it held, but I believe from the results of spedal cxiwri- 



CHEMICAL REPORT. 39 

ments that at least 84 per cent, of the increase in weight of the asbestos tube repre- 
sents soot. 

It must be remembered, however, that all solid particles of which the remainder 
consists would escape into the atmosphere and would constitute * smoke.* 

The results of the experiments are shown in the tables, and the following con- 
siderations appear to flow from them. The 85 cases given in the tables show that the 
relation by weight between the carbon completely burnt to carbonic anhydride and that 
present in the form of hydrocarbons or carbonic oxide varies between the limits of 
1000: 4 and 1000: 375. There were however only nine cases in which a ratio of 
1000 : 200 is exceeded, and but three in which the ratio is less than 1000 : 10. 

In 17 cases given by M. Scheurer-Kestner in his experiments on the nature of the 
gases of boiler furnaces, this relation varied from 1000: 10 to 1000:211, the result 
being mainly dependent on the amount of air introduced to effect the combustion. 

With reference to the hydrogen it is to be observed that in the 17 experiments 
with boiler furnaces given by M. Scheurer-Kestner, the proportion of carbon completely 
biumt to carbonic anhydride to the hydrogen present either in the free state or as hydro- 
carbons varies from 1000 : 3 to 1000 : 16. 

In the experiments at the exhibition the ratios obtained vary from 1000: 8 to 
1000: 259, ratios which are much higher than the above, although they correspond with 
certain analyses made by M. Foucou * on the gases escaping from the furnaces of loco- 
motives. It would seem, therefore, that an open fire-place need not compare unfevour- 
ably (from the point of view of effecting the complete combustion of carbon) with the 
boiler- furnace in which there is a larger mass of incandescent fuel ; but it must be re- 
membered that the appliances exhibited were in most cases specially designed for 
effecting complete combustion, and further, that the stoking was in all cases effected 
with great care, so as to ensure as favourable results as possible. 

On the other hand, although in the case of the boiler furnaces tested by M. Scheurer- 
Kestner the stoking was conducted with the most scrupulous attention, still the re- 
frigerating action of a mass of water in the boiler must have impeded the union of 
oxygen and the combustible gases. 

With regard to the relative proportion of carbon present in the form of carbonic 
oxide to that as hydrocarbons, I have already pointed out that experiments conducted 
as these necessarily were, cannot be expected to afford evidence on the point. I 
believe far more of the partially biumt carbon in the flue gases to be present in the 
form of hydrocarbons than as carbonic oxide, a view which is quite in accordance with the 
results already obtained by M. Scheurer-Kestner in the case of the effluent gases of boiler 
ftimaces. 

In order to afford some evidence as to the proportion of carbonic oxide to hydro- 
carbons, I append the result of an analysis kindly made by Dr. Percy Frankland on a 
typical sample of gas from an ordinary form of open fireplace, in which the feeding 
with coal was conducted so as to give as irwperfect combustion as possible. The sample 
of gas was collected in the mercurial receiver to which I have already alluded (p. 34), 

By Yolinne 

Car'bonic anhydride 0*70 

Marsh gas (CHJ 0-36 

Hydrogen 0-29 

Carbonic oxide 0*01 

Oxygen 19-86 

Nitrogen 78-79 

100-00 

■ Memoire tur la eomhisii/m, par M. Petitpierre-Peillpn, 1858. Chez MM. Lacroix et Baudry ; quoted by 
Gruner. TraitS de Metallurgies t. 1, p. 43G. Paris, 1875. 



In this Ihe relation % weight between the carbon as carbonic anhydride and that 
present aa carbonic oxide and as hydrocarbon, ia as 1,000 : 529. It will be observed, 
however, that the products of combustion being here diluted with an enormous volume 
of air, were present in relatively very gmall quantity, consequently this large proportion 
of unbumt and partially burnt gaseous products must not be taken as concluaively 
proved. 

Proportion of Carbon wasted as Soot. 

This, I need hardly observe, is a question of much interest. Earlier experiments 
have indicated the limits within which this proportion of soot will probably be com- 
prised. M. Deleneime estimated in 1855 ' that the proportion of carbon that escaped 
combustion in this form might be taken at 5 per cent, of the total weight of fuel 
burnt in the grate, and that 6,320 kilogrammes of soot fell in twelve hours on the town 
of Lille. But, as Emile Bnmat, quoting Payen, pointed out in a valuable paper on the 
combustion of smoke in boiler furnaces,' the amount of finely-divided carbon produced 
in a certain lampblack factory is only 3 \ier cent, of the coal burnt, and therefore the 
amount of carbon in ordinary smoke must be much lower. 

In 1858 Mi. John Graham estimated " that very black smoke does not contain more 
than -^ per cent, of the carbon of the coal burnt, and the accurate esperimenta of 
M. Schcurer-Kestner already quoted showed that in boiler furnaces the loss of carbon in 
the form of soot never exceeds I per cent, of the fuel burnt, while the mean loss is 
probably between ^ and j per cent. A case however is recorded, in which a coal 
containing 69 per cent, of carbon (bimit with an inadequate supjily of air) thus lost an 
amount of carbon as soot equal to 2-03 per cent, of the fuel burnt. 

As might be anticipated, the amount of soot is greater in the case of an 
open fire-place than in a boiler furnace, but the evidence afforded by the results of the 
tests made at the Exhibition, while possessing much interest, does not, unfortunately, 
render it possible to give a precise answer to the question, for the following reasons. 

Some of the soot must have been deposited in the flue before it reached the point at 
which the withdrawing tube was inserted ; and there is reason to fear that in the with- 
drawal of flue gas laden with soot through any form of slit or orifice in a tube, the 
gaseous and soUd portions may not enter in exactly the ratio in which they exist in 
the chimney. 

In many cases the flues were carefully swept before and after the trial, and the soot 
was collected and weighed. In an extreme case, in an open fire-place, no less than 
2 J percent, of soot, compared with the fuel burnt, was found in the flue at the end of the 
trial. In the case of three close stoves of careful construction rather less than J pw 
cent, was found, while in some cases it fell to ^ per cent., and in one case to y^'^ct 
cent. Of course these numbers do not include the amount escaping into the air. 

I may perhaps add that in a prelimiuary experiment made with au ordinary open 
fire-place connected to a chimney by means of a sheet-iron pipe 6 feet long and 9 in. 
diameter, 17 ths. of bituminous coal were burnt in three hours, and no lees than O'fil 
per cent, of the fuel burnt was collected in the pii>e in the form of soot, while the soot 
that jwased into the chimney was not collected. This 0'61 per cent, of soot, after drying 
at 100° C, yielded, ou dist^latiou at 300° C, 12 per cent, of an oily strong-smelting 
inistnre "f hydrocarbons. 

The Wallsend coal employed in the tests, an analysis of which is given on p. 88, 
givex, on distillation in a closed vessel, as coals of its class do, more than 30 per cent, of 
volatile matter. The products of the distillation of such a coal are very varied, and 
include many dense hydrocarbons, such as anthracene or chrysene, that would not be 
driven off at a temperature of 200° C. The figures given in column 8 will ahio include 

'3. 

■i-Zt- ri> HMhrntif. p, 11. Pmis, IBI&, 
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such hydrocarljona. It would not hare been safe to heat the asbestos sofficiently high to 
drive these all forward, for the point of inflammation of finely-divided carbon would soon 
have been reached ; and, moreover, soot contains many at least of euch hydrocarbons, 
which pass into the atmosphere and give to ' smuts ' their disagreeable adhesiveness. 

In some extreme cases the operation was continued for a sufiBeient time to give an 
abundant deposit on the asbestos plug, which, with its adhesive soot, was burnt in 
oxygen, and the resulting carbonic anhydride and water collected with the following 
result : — 



Hydrogen 

Os;g«a, Nitrogen, Knd ia-"] 

oiyaoic matter (liy > 

difference) . 



MO 
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IWO 



Viewing the experiments generally, the increase in weight of the aabestos plugs 
was but small, varying from a barely perceptible increase to ^ of a grain, but there 
could have been no serious error iu the manipulative part of the work, as will be 
evident from an inspection of the amount retained by the aabestos plug when anthracite 
or coke was burnt, the small amounta of matter caught being probably mainly derived 
from the wood used in lighting the fires to start the combustion of the anthracite or coke. 

If it be admitted that the asbestos plug has retained dense hydrocarbons that would 
not necessarily have passed into the air, I believe that the results calculated on the 
fnel would still be too high ; I have therefore preferred to give the actual weighings 
exactly as they were obtained, for if they be taken in connection with the amounts of 
fuel burnt, they are at least comparative, and form a valuable adjunct to Mr. D. 
Kionear Clark's scale of smoke-shade, which does not take into account the amount 
of fuel burnt. Future experiments, with the aid of a ' trompe ' that will remove large 
volumes of flue gases laden with soot, must determine what the true amount of carbon 
lost as Boot really is. 

It is hoped, however, that the results will be of interest if they be taken in connec- 
tion with the tests as to temperature and velocity of the effluent gases made by Mr. D. 
Kiunear Clark, the engineer by whom the mechanical tests were conducted, and I 
trust that the Committee will be satisfied that the scheme above described was the best 
that could be adopted in view of the fact that one hundred appliances were submitted 
for testing in the limited time during which the Exhibition was open. This series of 
chemical tests must be regarded as preliminary, as it will be very desirable to select 
certain of the stoves and grates, and to subject them in the same testing-house to a 
rigorous examination, including a complete analysis of the flue gases; for I consider 
that the work already done has merely rendered it possible to select certain typical 
appliances which deserve more detailed examination. 

It will be evident that, in each case represented in the following Tables, the more 
perfect the combustion is, the smaller will be the numbers in columns 6 and 7. When 
certain special experiments have been made the considerable mass of figures gathered 
during the course of the tests, but not recorded in the Tables, may be expected to afford 
other important information as to the amount of waste in combustion and the way in 
which wasted heat is distributed. 

With respect to the actual conduct of the manipulative part of the work, I should 
i^te that the preliminary eiy>erimentB were made by ray assistant Mr. W, F. Ward, 
and, on his appointment as chemical adviser to the Tasmanian Government, the work 
was continued by Dr. E. J. Ball, on whom the burden of the manipulation has fallen, 
and to whose care and skill 1 am much indebted. 
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Table I RESULTS OF CHEMICAL TESTS OF GRATES AND STOVES. 

Cuss L Open Onttea, ham/ng ordvimry bottom grids and upward draught. 
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—EESULTS OF CHEMICAL TESTS OF GRATES AND ^T:0TE&~ {continued). 
Open, Orates, havmg solid floors, adapted for slow combustion a/nd upward draught. 
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III. Open Orates, under-fed : — Supplied with fresh fud beneath the incandescent 

fuel, with upward draught. 
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NoTB,— The numbers and descriptions correspond with those given by Mr. Clark. 
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(Scale of Smoke-Shades. — See Frontispiece,) 

THE teflta of open grates and close stoves were conducted in the testing-rooma i 
the grounds of Her Majesty's Commissioners at South Kensington. 
The testing-rooms were built in a row, lying north and south- They are five in 
number, of which Nob. 1, 2, 3, and 4 are 15 feet square and 15 feet high to the 
eaves, with an additional elevation of 2 feet to the ceiling, formed within the truncated 
sloping roof. The fwtal capacity of one of these testing-rooms is 3,600 cubic feet- 
No. 5 room is at the extreme south end. It is SOJ feet long by 15 feet wide, and 
16 feet high to the eaves, and has a capacity of 7,320 cubic feet. 

The wslls and the floor of each room are con!it.nicted of solid concrete 6 Indies in 
thickDcas. Each of the smaller rooms has one window, 3 feet wide and 7^ feet high, and 
a doorway 3J feet wide by 6^ feet high ; both in the east or front wall. The doors of 
each pair of rooms are prot«ct«d by a cabin enclosure having an outer door by which the 
influence of changeable weather could be in a great measure controlled. The chimneys, 
in concrete, one in each room, were built in the west wall. Tbey were round, and 
averaged 8| inches in diameter. They were prolonged upwards by zinc pipes 6 inches is 
diameter ; making a total height of 25 feet from the floor-level. 

Observations were made for the tenaperature of the estenial air, the temperature of 
the test-room, the [wwer of the grate or the stove for radiating heat, and the velocity of 
draught and temperature of the gaseous products in the chimney. Hygrometrieal 
observations, also, were made for a time ; but they were not conMdered of sufficient 
moment for the immediate purpose of the tests, and were not continued. 

For noting the general temperature of the room, twelve thermometers were sus- 
pended from the four walls, three to each wall, at levels above the floor respectively 
6 inches, 6 feet, and 14 feet. An attempt wasmade, inaddition, to measure proportion- 
ally the radiating powers of the grates and stoves under trial ; and, for this purpose, a 
stand was placed on the floor at a distance of 6 feet from the grate or stove, on 
which three pairs of thennometers were suspended, those of each pair back to back, 
at. three diflTerent levels, respectively 1 foot, 6 feet, and 10 feet above the floor. One of 
each pair directly faced the grate or stove, and was exposed to the direct action of iJio 
radiated heat. The other indicated simply the temperature of the surroonding atmo- 
sphere of the room. The difference of the temperatures thus indicated was taken as a 
measnre of radiated heat : not absolutely, of course, but relatively, as a means of t«sting 
approximately the comi>arative radiating powers of the exhibits. Observations of 
temperature were usually taken at intervals of half au hour. 
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The temperature in the chimney was measm'ed by a mercurial pyrometer suspended 
in the chimney at a height of 10 feet above the floor-level; and the velocity of the 
draught was measured by a Biram's anemometer specially constructed and adapted to 
the situation, so that, whilst the wheel was inside the chimney, the indications could 
be read on the dial outside. 

The fuels used were bituminous coal (Wallsend), anthracite, and coke. The composi- 
tion of the coals is given in the Chemical Report by Professor Chandler Roberts, page 38. 

For the purpose of noting the shades of smoke discharged from the chimney, 
8moke--coloured glass, of graduated tints, was tried ; but ultimately a scale of ten shades 
of smoke was adopted, illustrated by the frontispiece ; regularly increasing in density 
from a faint indication, or discoloration of the atmosphere, to a black-brown shade. 
The order-number of the shade was noted from time to time during each test, and the 
average of the numbers noted was taken as a proximate measure of the average density of 
the smoke.* 

The duration of the tests extended usually to five hours, occasionally to six hours, 
and for still longer periods, commencing at or about 10 A.M. each day. Given quantities 
of wood and coal were weighed out to the article to be tested, at the commencement of 
the test, and the balances left uncharged and unconsumed at the end of the trial, were 
weighed back. Each exhibitor was allowed, for the most part, to conduct the test in his 
own way ; and he or his deputy was present during the whole of the time of trial. 

Grates are here distinguished from stoves, brcidly as open fire-places or open grates 
versus closed fire-places or stoves. The use of the term * stove,' originally applied to 
close fire-places, has been extended by exhibitors to open fire-places.. To keep clear the 
significance of the classification, therefore, grates are described as open grates, and stoves 
as close stoves. 

Fifty-nine open grates and thirty-three close stoves — ^ninety-two altogether — were 
submitted for testing. The open grates were divided into five classes. Close stoves 
were placed as Class 6. One hundred and thirty tests of open grates and close stoves 
were made and recorded. 



Table U. CLASSIFICATION OF GRATES AND STOVES, WITH TESTS. 



Clan 



No. 
1 

2 
3 
4 
5 



6 



Deeoription of cUtai 



Open grates, haying ordinary bottom grids, and upward draught. 

(Table im . 

Open grates, naTing solid floors, adapted for ' slow combustion/ 

and upward draught. (Table III.) 

Open grates, under-fed: supplied with fresh fuel beneath the 

incandescent fuel, with upward draught. (Table III.) . 
Open grates, to which fresh fuel is supplied from the back, or 

from the sides, or from hoppem. (Table III.) 
Open grates, having a downward, or a backward, or a lateral 

draught. (Table III.) 

Open grates, total 

Close stoves. (Table III.) 



Number of grates 
and stoveB 



20 

11 

6 

6 

17 



69 
33 



92 



Nunber of tests 



32 

20 

6 

9 

27 



94 
36 



130 



' For the purpose of establishing communication between the observer of smoke-shades outside the 
building, and die attendant on the grate or stove within, an efficient scheme of telephonic communication 
was kindly prepared by Mr. C. Spagnoletti, Member of the Society of Electricians ; and, though it could not 
be made available at the last BzLibition, it may do valuable service on future occasions. 




DESCRIPTION OF THE GRATES AND STOVES THAT WERE TESTED. 

Class \.—0PEN GRATES HAVING ORDINARY BOTTOM GRIDS 
AND UPWARD DRAUGHT. 

No. 1. J. G. Gray. — A perforated iron back is laid into an ordinary grate in b 
sloping position, so that the bottom of the grate is partly covered by it. Air from below is 
thus admitted into the fire, partly upwards, and partly forwards from the back. (Plate 1.) 

No. 2. Barnard, Bisbop & Barsards. — The * Anthracite Grate ; ' having a lining of 
firebrick, sloping backwards ; vertical bars in front, and a sliding blower. The bottom 
grid is inclined downwards towards the front. 

No. 3. The British Sanitary Company. — 'Carrick's Ventilating Stove Grata." A 
radiating fire-grate, in which a fire basket is placed in an enclosed chamber, which forma 
the stove, constructed of sheet-iron at the back, and of glass panes at the front. Heat 
is radiated from the fire all around, and is transmitted through the glass casing into the 
room. Behind, it is transmitted to air in a chamber which is admitted at the bottom, 
and is discharged into the room at the upper part. It is said to be specially safe, and to 
be a preventive of ' blow-downs.' There is a glass door in front, which may be opened 
when required. The hot gases from the upper part of the apartment are drawn down 
through the fire-place, (Plate 1.) 

No. 4. MiCBEL Perret. — ' Radiating Stove,' to bum anthracite. Back, sides, and 
floor of firebrick ; also a firebrick slab to form a roof, sloped slightly upwards so as to 
assist in radiating heat. The grate consists of bars forming the bottom and the front. 

No, 5. Michel Perret. — ' Radiating Stove.' The same as No. 4, burning ooke. 

No. 6. J, Wright & Co. — ' Hygienic Ventilating Stove.' Draught passes upwards 
into an inner dome divided by a vertical partition, over which the gases pass and 
descend on the other side to the flue. The door and the back of the fire are surrounded 
by an air-chamber into which external air is admitted, and from which the wanned air iB 
delivered into the room. (Plate 2.) 

No. 7. Michel Perret, — The same as No. 4, burning anthracite. 

No. 8. Michel Pebret.— The same as No. 4, burning Wallaend coal. 

No. 9. J. Wright &. Co, — ' Hygienic Ventilating Stove,' as above, No. 6, smaller sise. 

No. 10, T. Potter & Sons. — 'Thennhydric Ventilating Grate,' surrounded by a water 
cistern at the back and aides. There are two groups of upright pipes, one at each side of 
tlie grate, into which, at the upper end, water passes from the upper end of the boiler, 
descending through the pipes to the lowerpartof the boiler, encased in a chamber supplied 
with air from the outside, which is heated, and passes off into the room. Excessive 
temperature of heated air is thus obviated. (Plate 2.) 

No. 11. Perceval & Wcstmacott. — 'Parlour Stove,' adapted for cooking and 
beating. The fire-place is of cast-iron let into a cistern for hot water, by wliich it is 
enclosed at the back and sides, with a clear interspace of half an inch. The gaseous 
products pass upwards to the right and the left through curved flue-pipes, called 
retort-flues on account of their form tapering upwards, and meet overhead on the wxy 
to the chimney. An oven is placed over the fire between the branched flues, and the 
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whole is encloeed in a rectangular casing, into which air is admitted, and from which it 
19 delivered warm into the room. The upper part of the fire-place above the fi-ont bars 
may be closed with a pair of doors which act as blowers when the fire is lighted. Air is 
admitted to the fire through holes in the sides and the back, and through the bottom 
grid, which is provided with a slide by which it can be closed as required. (Plata 2.) 

No. 12. James Smtth. — Anthracite or coke isbumed with bituminous coal, which is 
charged into an open chamber at the back, and is gradually coked by the heat of the 
fire. The fire is made up with anthracite, and the coke of the previous day is laid upon 
it, high enough to cover the entrance to the coking chamber, whence the distilled gases 
pass through the burning fuel. 

No. 13. W. PooRE & Co. — 'Triumph' Stove. Self-contained, with Bheet-iron 
back. Upper part in front above the bars may be closed by a blower. Lined with tire- 
brick. The grate bars are set so closely together that the ash accumulates and forma a 
close bed acting as a solid bottom. (Plate 4.) 

No. 14. W. PooRE & Co. — ' Triumph ' Stove, as above. 

No. 15. Thomas Nash. — The draught ia led from the upper part, of the grate down 
outside the back by a pipe dipping into a bos, whence it rises into the Sue. Soot is 
deposited in the bos. 

No, 16. Thomas Nasb. — The same as No. 15. 

No. 17. W. P. TAyLOR. — Estemal air is introduced through a grating in the 
hearth in front of the fire to supply the draught. A fireclay back is formed with upright 
gUls on the outer side, and is perforated to allow air passing up between the gills to enter 
amongst the burning fuel. 

No. 18. The Radiator Range Comtaht.— The ' Radiator' Fire-grate. A small rect- 
angular combustion-chamber is hooked to the bock of an ordinary grate, into which the 
gaseous products pass through openings at the lower part, covered by the burning fuel, 
whence they pass into the flue. Stray gases escape at the upper part into the flue. A 
small auxiliary chamber is formed on the front of this combustion-chamber to receive 
gases rising from the fuel, with air, and discharging them into the first chamber. 

No, 1 9. A. B. Verrieb. — ' Comet ' Grate. Has a hood formed in two parts, which 
may be pulled down in front of the fire to quicken the draught. Tlie draught is partly 
diverted through the back, which is of firebrick, into a chamber. This chamber is en- 
closed in an iron chamber, into which fresh air is admitted. The air is heated, and 
ascends into the room. Foul air ia drawn oS" from the ceiling to the tower part of the 
grate and passes through the inner chamber, just noticed, into the chimney. (Plate 3.) 

No, 20. A. B. Verrier.— ' Comet ' Grate. The same as No. 19. 

No. 21. RossER & Russell.— Fireclay stove. Ail of firebrick, escept a narrow 
section of grate, forming the front part of the floor. The back is deeply fluted. The 
draught passes up in the flutes, and ia reversed downwards behind the back of the grate, 
whence it is carried off to the chimney. Fresh air ia heated within the firebrick sides 
of the grate, which are hollow, and is delivered into the room. 

No. 22. W. P. Taylor. — Air-opening in hearth in front of grate, to supply it, as in 
No. 17, Also air-opening into the fire through a brickwork back, between the bricks. 

No. 23. G. Haller & Co.— Kohlhofer's Hot-Air Stove. The products of com- 
bustion pass up and down a number of large pipes grouped within a sheet-iron casing, 
into which fresh air is admitted. The air is heated anddelivered into the room, (Plate 5.) 

No. 24. Perceval & West.macott. — ' Sanitary Stove,' designed to be of fire-tiles ; 
but made of iron in this instance. An upright square stove, having an outer casing of 
H 
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sheet^braBB enclosing an air-apace on all sides and on the top. A taper floe rises from 
the roof of the fire-place into the chamber formed above it, whence the gases esca|>e 
through a nozzle at the back to the chimney. (Plate 4.) 

No. 25. Tee Kadiatob Kakgb Comfany.^ — The ' Radiator ' Fire-grate. Same atf- 
No. 18. 

No. 26. E. H. Shoblamd. — The 'Manchester' Grate, G. L. Shorland's patent. Aii 
ordinary grate, with firebrick lining. Narrow sUt through back, 2 inches by J inch, for 
air to enter into the body of the fire. Fresh air is admitt^ from below, over the back and 
sides, which are gilled, and rises into two pipes to supply other rooms with warm air. 

No. 27. A. C. Engert. — The * Solo ' Grate. A grate of barrel form, occnpying three 
fourths of a circle, in vertical transverse section, with quadrantal bars forming the fix>nt 
and part of the bottom. The back and the backward half of the bottom consist of a 
solid semtcircnlar plate, which radiates the heat into the room. It is adjustable circum- 
ferentialiy so as to regulate the opening through the grate-bars, the access for air, and 
the rate of combustion. The grate is fed, at intervals, with fresh coal at the back, which 
in pulled forwards towards the front as required, to replenish the fire. 

No. 28, B, H. Griffin. — The sides, back, and floor of the fire-place are of iron, 
perforated, so that air enters into the fire-place on all sides. The back and flanks of the 
grate are of cast-iron, with shallow gills cast on the back surfaces, filled up flush with fire- 
clay to 1 inch in thickness. The roof also is coated with fireclay. External air is 
admitted into a chamber behind the grate, and is warmed, and then delivered into tlia 
room at the upper part. 

No. 29. J. Waviso, — An ordinary grate was tested, for the purpose of compaiisoa 
with the same grate when fitted with Mr. Wavi^h's system. 

No. 30. J. Wavish.— The ' Economiser.' The bottom of the grate of No. 29 was 
closed by an iron plate, on the centre of which a vertical hollow cylinder, perforated, was 
fixed. The air entering the cylinder from below was delivered heated into the heart of 
the fire. (Plate 6.) 

No. 31. J. Wavish. — Ordinary grate, as ia No. 29. 
No. 32. J. Wavish.— The ' Economiser.' As in No. 30. 

CLASa U.—OPEy GRATES IIAVIXQ SOLID FLOORS, ADAPTED FOR 'SLOW 
COMBUSTIOy Ai^D UPWARD DRAUGHT. 

No. 33. Barnard, Bishop & Barnards. — 'Glow-Fire,' Everitt & Baroard's 
Patent. Firebrick lining and floor. Air admitted from ashpit, passt-s up behind back, 
and through an opening over the fire, under a baffle or slab of firebrick, above the 
fire. The air is to mix with and consume gases rising from the fire. The guvs and air 
[lass out to the chimney through an opening at the front of the baffle. (Plate 6.) 

No. :U. Barnard, Bishop & Barxards. — 'Barllet' Grate. Firebrick Untng and 
floor. High and shallow. The front bars are vertical, sloping outwards at the lower part, so 
Uiat fuel falls freely as it is consumed, and all the ' living nicl ' ia presented at the frotit. 
(I'kte 7.) 

No. 35. Barnard, Bishop & Barmahds,— * Bartlet ' Grate, as in No. 34. 

No. 36. Derwent Foundry Company. — ' Abbotsford ' Grate. Firebrick lining ind 
firebrick floor laid upon the hearth. (Plate 10.) 

No. 37. Marshall, Watson & Moorwood.— ' Harleston * Grate. The fire-pUtfe hw 
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fireclay backs, sides, and floor. The stove is not recessed in the wall, but is placed in front 
of the chimney jambs, and so it projects into the room. It is surromided by a canopy at 
the sides and the upper part, being a hollow projection of angular section, forming part of 
an air-chamber around and behind the grate. The external air enters the chamber at 
the level of the floor, and is warmed, and ascends and is delivered through apertures at 
the upper part into the room. (Plate 8.) 

No. 38. DouLTON & Co. — * Tile Grate.' Formed of fireclay, on a fireclay 
hearth. The fuel is laid on the hearth, guarded by a grid in front, which stands on the 
hearth, and can be placed in any position required. The back is sloped forward on the 
hearth. The fuel, piled up against the back, bums away mostly at the upper part, 
where the current of air strikes on the top of the ftiel, on its way to the chimney. The 
heap of fuel partly projects into the room ; and heat is radiated freely. The flanks 
of the fire-place are splayed, so as to further promote radiation of heat. (Plate 9.) 

No. 39. J. B. Petter. — * Nautilus ' Grate. Placed in the chimney recess. The 
floor and the back form, in cross section, a continuous curve, and are of solid fireclay. 
Curving upwards, they form a convolution, which is continued in metallic plate, whence the 
gaseous products pass off horizontally to the right and the left, and meet in the chinmey. 
(Plate 10.) 

No. 40. Steel & GaSLand. — * Whamcliffe ' Grate. The stove is set in fix)nt of 
the chimney jambs, and is formed with a hollow canopy, like that of No. 37, made with 
gills on the inner face, to augment the warming surface. Fresh air is admitted into a 
narrow air-chamber at the back, and is delivered through openings at the upper part 
into the room. (Plate 11.) 

No. 41. F. Edwards & Son. — Dr. Amott's Grate. Slow combustion. Fire is 
made up for the day on a grid, movable vertically by a screw motion. It is lit at the 
top, and burned downwards, and is elevated as required, so as to maintain one level of fire. 

No. 42. F. Edwards & Son. — * Smoke-preventing Slow-combustion Grate.' Solid 
floor. The fire is made up for the day, lighted at the top, and burned downwards. A 
movable blind is in front, enclosing the fuel, and lowered as required, to admit air for 
burning down the fire. When coal is very dirty, a grid is placed as a bottom. Air 
is heated behind the grate, and delivered into the room at the front. 

No. 43. F. Edwards & Son. — * Slow-combustion Grate.' The same as No. 42. 

No. 44. J. B. Petter. — * Nautilus ' Grate. The same as in No. 39. 

No. 45. Frost & Winfield. — ^The grate is made with firebrick lining and floor ; 
also firebrick roof slab, or baffler, nearly horizontal. Cold air from the ashpit ascends 
behind the back, and passes through holes in the back — at the bottom into the fire, and 
at the upper part above the fire. These horizontal currents meet currents of air from the 
front — ^through the fire and above the fire — ^for the purpose of eflTecting the combustion 
of the fuel, as well as of the gases which rise from it. The gaseous products above the 
fire pass up partly through holes in the baffle slab, and partly round the &x>nt of the 
baffle, into the chinmey. 

No. 46. Barnard, Bishop & Barnards. — * Glow-Fire.' The same as No. 33. 

No. 47. T. Mitchell. — Common grate, lined and floored with fireclay. The bock 
and the side linings were formed with an overhang at the upper part. 

No. 48. T. Mitchell. — ^The same common grate, in ordinary condition, to compare 
with No. 47. 

No. 49. T. Mitchell. — ^The same common grate, lined with fireclay, overhuni;, as 
in No. 47, with open grid bottom. 



No. 50, T. Mitch EI. I.. — The same common grate, lined and floored with fireclay. 
The back and the sides were formed straight, without overhang. 

No. 51. T. Mitchell. — The same common grate, lined with fireclay, flat as in 
No. 50, with open grid bottom. 

No. 52. T. Mitchell. — ^The same common grate, in ordinary condition, as in 

No. 48. 

CLAsa IVL.—OPEN GRATES. UXDER-FED: SUPPLIED WITH FRESB FUEL 
BENEATH THE INCANDESCENT FUEL. 

No. 53. E. R. Hollands. — Under-fed Grate. A movable grid, to uplift the 
burning fuel, and make room for fresh fuel beneath it ; after the fresh fuel is laid 
in, the movable grid ia withdrawn, and the fuel settles down on the permanent grid. 
(Plate 11.) 

No. 54. H. Thompson. — ' Smokeless Stove.' An ordinary grate, having a solid 
caat-iron bottom. The front is movable upwards. To st«ke, a separate plate is intro- 
duced at the bottom under the fuel ; the fuel and the front of the grate are raised 
together by a simple lever-action, and sjiace is made for fresh fuel d^vered firom a 
shovel. The plate is then withdrawn, and the first position is resumed. 

No. 55. Brown & Green. — ' Smoke-consuming Register Stove.' Fuel is placed 
on a trough at the front of the grate, level with the bottom, and is pressed into and 
below the lire by means of a hoe-shaped feeder. The hack of the grate is inclined forward 
at the bottom, so as to narrow the area of the grid, and cause the fuel to slide forward 
as it boma away. The back is slotted, to admit air to the fire. (Plate 12.) 

No. 56. W. S. Melville. — A taper-pointed hollow shovel, to supply fresh ftiel 
beneath the fire. The fuel is contained in the body of the shovel, and Is pushed into 
the fire by a piston inside. 

No. 57. E. H. Shori-and. — 'Princess Louise,' G. L. Shorland's patent. Fire- 
brick lining and floor. Under-fed, by means of a taper box-shovel, to admit which the 
front bars slide upwards. 

No. 58. Yates, Haywood & Co. — The lower part of the grate is movable, and 
18 removed for feeding fresh coal from below, whilst the incandescent fuel is temporarily 
upheld. The bottom is then replaced, and the temporary supi>ort withdrawn, and the 
fuel settles down together. 



CtASB IV. —OPEN GRATES, TO WHICH FRESH FUEL IS SUPPLIED FROM 
THE BACK, OR THE SIDES, OR FROM HOPPERS. 

No. 59. A. C. Fngert. — An ordinary grate, having a coking box at the bock, 
filled with fresh coal, which is pushed gradually into the body of the fire, as required, 
by means of a movable plate ; and the gases are gradually distilled and consumed. 
(Plate 12.) 

No, 60. A. C. Engeet.— Grate with coking box. Same ae No. 59. 

No. 61. MtiSGBAVE & Co. — 'UlBter' Smokeless Stove Grate. Sides and floor of 
firebrick. A hojiper is constructed at the back of the fire, to hold a supply of coal, 
which descends as it is burned away, and passes into the fire-place at the back through a 
large opening at the lower part of the hopper. The fuel is loosened as lequind, uid 
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pushed into the fire by means of a lever. Fresh air is admitted at the back of the 
grate, and is delivered warm into the room. A perforated rolling curtain, made to elide 
up and down, acts as a blower, whilst permitting the fire to be seen through it. (Plate 13.) 

No. 62. The CoALBKoOKDiLE Company. — ' Gasaiua ' Grate. The floor is solid, of 
firebrick. The lower part of the front consists of three horizontal bars, and the upper 
part of twelve vertical firebrick slabs, f inch thick, presented edgewise. The bars are 
enclosed by mica plates in front. The fuel is fed from a hopper receptacle at the back, 
at a low level. The combustible gases rise between the fire-tiles. 

No. 63. J. M. Stanley. — ^The grate is fed from a hopper at the front. The sides 
and back of the grate are of firebrick. The gases are humed as they are distilled into 
the incandescent fuel below. The diunght is carried through four openings at the 
bottom — two through the back, and one at each side — whence it passes through tubes 
or pillars, by which they are conducted into adjoining rooms for heating purposes. 
Fresh air is wanned behind the grate and delivered into thaToom. (Plate 13.) 

No. 64. J. M. Stanley. — Same aa No. 63. 

No. 65. H. E, HooLE. — ' Radiating and Reflecting Grate.' Coal is deposited in 
a small hopper at each side, forming hobs, and passes through an opening at the lower 
part of each hopper into the fire, occasionally assisted by the use of the poker. The 
fire-place is enciroled by a polished reflecting sur&ce of the form of a truncated cone. 
(Plate 13.) 

No. 66. Archibald Smith & Stevens. — Russell's ' Wonderful ' Grate. Fresh coal 
is supplied from a hopper above the grate, at the front, passing backwards and downwards, 
and delivering the coal at the back of the grate. The grate stands forward, so as to present 
two open sides as well as the front, for radiation. (Plate 15.) 

No. 67. Abchibald Smith & Stbvens. — 'Wonderful' Grate. Same as No. 66. 



Clabb V.—OPSN grates, BAYING A DOWNWARD, OR A BACKWARD, OR 
A LATERAL DRAUGHT. 

No. 68. The Coalbhookdale Company, — ' Kyrle ' Grate, Parker's patent. Firebrick 
lining and floor. The draught is mostly downwards through an opening at the lower 
back comer into the flue. There is also a backward draught through an opening in the 
back, just above the fire, which meets the backward draught ascending from the bottom. 
(Plate 14.) 

No. 69. Captain T. E. Clarke. — ' Ventilating Grate.' Downward draught through 
the bottom, returning through a pair of pipea, one at each flank, into the chimney. 
External air is admitted behind the grate, in a chamber enclosing the back of the 
grate and the pipes, and is delivered warm into the room. Or, air from the room may 
be passed in and heated 

No. 70. Captain T. E. Clarke.—' Ventilating Grate.' Same as No. 69. 
No. 71. The Derw-ctt Focndbt Compamy. — Jobson's 'Smoke-burning Register,' 
having firebrick lining. The draught ascends, and is reversed down a pocket fine 
at the back, at the lower end of which it meets with currents of air passed from the 
front through tubular fire-bars, and there heated, for burning the smoke. The draught 
also, in part, descends between the fire-bars, and meets and mingles with the descending 
draught at the back, with the airfrom the fire-bars. The united currents pass off to the 
chimney by a back flue, corrugated and giUed, in which the draught is regulated by 
means of a swing damper. Fresh air is adinitted into a warming chamber at the back 
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of the grate, which ia gilled, and enclosed with sheet-iron ; and ia passed oflF into the 
room at the upper part. 

No. 72. M. Festtham & Co. — ' Smoke-conBoming Dog-Grat«,' on the Hurst 
principle. (Use No. 73.) Hollow gill-cheeks, with a nozzle at the back. Downward 
draught through the Bidea to the under side of the grate. 

No. 73. M. Feetham & Co.— The ' Hurst ' Grate. Designed for slow combustion : 
hollow iron back and cheeks made with horizontal gills, to form a zigzag course for the 
draught upwards within them. The draught passes out by three ways : downwards, aad 
prinoipallj, through the grate, into the ashpit, which is closed, whence it passes oEF by 
an opening through each cheek, and upwards within the cheek. The stray smoke 
passes off through the back just above the fire, and descends to the bottom, where it is 
split, and whence it rises right and left to the upper part of the grate. Here the three 
currents meet, and they pass to the chimney. Fresh air is admitted behind each side 
at the lower part, and ascends to the upjjer part, where it is discharged into the room. 
The hacks of the sides are made with upright gills to facilitate the warming of the 
ascending currents of fresh air. 

No. 74. M. Feetham & Co.— The * Hurst ' Grate. Same as No. 73. 

No. 75. M. Feetham & Co.— The ' Hurst ' Grate. Same as No. 73. 

No. 76. Yates, Haywood & Co. — Redmayne's Grate. Firebrick sides, back, and 
floor. The draught passes horizontally through the back and sides, which are perforated, 
and it descends into a smoke-box below the floor ; thence it passes up through pipes into 
the chimney. The pipes and the back are enclosed in a chamber, into which fresh iiir is 
admitted. The air is heated, and it passes into the room at the upjier part. j(Plate 21.) 

No. 77. Yates, Haywood & Co. — Redmayne's Grate. Same as No. 76. 

No. 78. Deane & Co. — CVane's Anthracite Grate: Firebrick back and sides. 
Downward draught through openings in the sides into the ash-box j thence upward 
behind the back to the chimney. An opening in each side, at the upper part, to let 
off stray gases, which are led down behind the sides into tbe common flue. (Plate 15.) 

No. 79. Deane & Co. — Crane's Anthracite Grate. Same aa No. 78. 

No. 80. Joseph Moore. — Ordinary Grate. Tbe draught is principally taken down- 
ward tbrough the bottom grid. Just above the fire, the draught also passes through a slot 
in the back into the flue. The air of the room enters at the bottom behind the grate, 
through the sides, and is delivered warm into the room at the upper part. A sUdisg 
blower is in front. (Plate 16.) 

No. 81. Steel & Gabland. — 'Kensington ' Grate. Firebrick sides, back, and floor. 
The sides and hack, suspended from the upper part, hang half-way down into the fire- 
place. Gases jmiss direct from the fixe under and behind the sides and back, and are 
carried behind an inner plate to the sj>ace below the floor of the fire-place, whence they 
move up behind the grate to the chimney. Fresh air is heated in a chamber at the 
back, and is delivered into the room. (Plate 16.) 

No. 82. Clahk, Bunheit, & Co. — Ingram's ' Kaio-Kapnos * Grate, has firebrick 
lining and floor. The gases pass through the back and downwards, and under the floor 
of the grate to the front ; thence under a horizontal partition plate, to the back, and up 
the chimney. The draught may be partially or wholly carried directly upwards. (Plate 1 7.) 

No. 83, Clark, Bl-nnett & Co. — ' Kaio-Kapnos' Grate. Same as No, 82. 

No, 84. Steel & Garland. — * Kensington ' Grate, Same as No, 81. 

No, 85. Brows & Green. — 'Luton' Register Grate, to bum anthracite. Fire- 
brick back and sides ; holes through the back half-way up, covered with the fuel, throngli 
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which a back draught is conducted. The bottom grid is sloped upwards towards the 
back, reaching up to a flue passing through the back just above the fire. A few small 
holes at the upper part for stray gases to pass away into chimney. (Plate 17.) 

No. 86. W. I. Henry. — Reeve & Henry's * Smoke-Purifyer ' (* Calpean *) : Hob-grate. 
The bottom grid is closed by a sheet-iron plate applied below it. The draught is direct, 
through slits in the back, into a filter-bed or box containing iron turnings, which, becoming 
red hot, consume the smoke. The burnt gases pass to the chimney. A shallow chamber 
is constructed below the bottom plate, in which external air, admitted at the back, is 
warmed. The warmed air passes off into the room by side openings. (Plate 16.) 

No. 87. W. I. Henry. — Reeve & Henry's * Smoke-Purifyer ' : Hob-grate. Same as 
No. 86. 

No. 88. T. E. Parker. — ^The * Vencedor ' downward-draught fire. Has a solid bottom, 
on a plate formed with gills. Air is admitted below the plate, passing between the gills, 
and is heated. It passes to the back, and meets incandescent fuel at the back angle 
of the fire-place, which is open there. The current passes into a tapered chamber of 
firebrick. The gases which rise from the top of the fire are drawn over the back plate 
through a slit into the tapered chamber, the gases being heated by the back plate in 
their descent. The currents are united in the taper chamber, and pass through a narrow 
aperture to the chimney. (Plate 16.) 

No. 89. T. E. Parker. — The * Vencedor ' Grate. Same as No. 88. 

No. 90. J. CoRNFORTH. — The fire is covered by a horizontal hood, under which the 
gases pass to the back. There are hollow bars through which air from the front is passed 
and is heated. The air is delivered at the back, where it meets the gases firom the fire, 
to consume the smoke. 

No. 91. W. I. Henry. — ^Reeve & Henry's * Smoke-Purifyer '(* Calpean ') : Register 
Grate, adapted as in No. 86. 

No. 92. Deane & Co. — Crane's Anthracite Grate. Same as No. 78. 

No. 93. W. Lawrence. — There is a combustion-chamber at the back of the fire- 
place, into which the gases and air are passed. Incandescent fuel from the . fire-place is 
deposited here by gravitation, and maintains the temperature for combustion, as the 
gases pass over and above it. Fresh coal is lodged in shoots, one at each side of the 
grate, opening at the lower part into the fire-place. The coal is distilled gradually, and 
the gases are passed into the fire and consumed. 

No. 94. The Wilson Engineering Company. — An ordinary grate, to the back and 
flanks of which covering plates are applied, enclosing shallow air-spaces, extending from 
the bottom grid to the upper part of the grate. These air-spaces are open to the fire at 
tlie lower part, forming flue-ways, so that, when the register is closed, the draught enters 
them direct from the fire, and passes upwards to the chimney. The plates are made with 
gills, so that the gases follow a zigzag course upwards ; and as the plates become 
highly heated, the ascending gases are maintained at a high temperature, for the 
purpose of consuming smoke. At the same time, heat is radiated from the plates. 

Class Y1.— CLOSE STOVES. 

No. 95. C. B. Gregory. — ^ Smoke-burning Furnace,' enclosed in a cubical casing 
of cast-iron, lined with firebrick. The fresh fuel is charged into a steeply inclined 
hopper of firebrick, and falls upon a horizontal grate. Air is admitted to the fuel at 
the lower pxrt of the hopper, and through the grate. Air is also admitted at the front ; 
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it passes along the sides in contact with and heated by the hopper, and is dischar^d at 
the throat of the furnace at the back, in two streams,fTom opposite sides, meeting and. ming- 
ling with the combustible gases &om the Ere. Complete combustion is thus effected. 
(Plate ly.) 

No. 96, MUSORAVE & Co. — Slow-combuation Stove. An upright cylinder of cast^ 
iron, lined and floored with fireclay, having an ash-door at the bottom and a feeding- 
door at the top. The gases rise to the top and pass over the back into a descending dae, 
whence the current turns under a partition into an ascending Hue, whence by a nozele at 
the upper part it passes into the chimney. Fresh air is admitted at the lower part into 
a casing enveloping the cylinder and the Hues. It is warmed as it ascends in contact 
with their surfaces, and escapes into the room at the upper part. (Plate 20.) 

No. 97. Rev. H. J. Newcome. — ' Tubular Air-warmer.' Ckinsisting of a group of 
horizontal pipes, connected with a close stove, from which the gases pass through the 
pipes. The soot is swept from the tubes into a reservoir. The air of the room or hall 
circulates around the pipes and becomes heated. (Plate 22.) 

No. 98. B. J. KusGENBERG. — Reck's Stove. An upright cylinder of cast-iron, 
enclosing a stove at the lower part, frona which the gases ascend into a cylindrical flue-, 
which is divided by a vertical partition, so that the draught passes up one side and down 
the other side of the partition, and passes out at the lower part of the flue-]>ipe. The 
stove and the flue-pipe are surrounded by fresh air introduced from below, which passes 
up and is warmed as it goes, and is discharged at the top of the casing. The body of 
the fire-place is enclosed in an envelope, with a narrow air-space between them ; thua it 
is provided that the air to be warmed is not liable to be scorched by contact with over- 
heated iron. 

No. 99. C. PORTWAY & Son. — ' Tortoise ' Stove, for alow combuBtion. A plain upright 
eight-sided stove, lined and floored with fireclay slabs. The fuel bums on the tile 
floor. There is an ashbox-door at the bottom, and a feeding-door at the top. The 
products of combustion rise to the upper part, whence they pass off by the nozzle to the 
chimney. (Plate 21.) 

No. 100. The Debwest Foundry Company. — Jobson's 'Slow-combustion Gill- 
Stove.' Consisting of a number of open frame-like diaphragms laid side by side, and 
bolted together with front and back plates, forming a close stove with twenty exterior 
gills. It is divided into two unequal parts by a vertical partition, the larger of which 
is the fire-place, ha\'ing a grid at the lower end and an ashbos. The draught is passed 
directly upwards for lighting up, and is nest reversed, passing downwards through the 
grate, and upwards through the smaller compartment to the flue. The gases are met br 
a current of air issuing from the partition, which is hollow, to be consumed. (Plate 18.) 

No. 101. DouLTON & Co. — 'Spiral Stove' of stone-ware, consisting of several 
superposed rings forming chambers. The fire-place is formed in the lowest chamber, 
whence the gaseous products rise into and pass round each ring in succession ; they pass 
off from the uppermost ring to the chimney. The rings are supported one on the other 
by perforated edges, through which air enters and becomes heated. The heated air 
passes into and flows up the central cylindrical shaft, whence it is discharged through 
a perforatefl covering. Air also is admitted into a compartment next the fire-place, and, 
being there heated, joins the other currents of air and escapes at the top. 

No. 102. Harry Hunt. — ' Economy ' Portable Stove, for biuning anthracite, coke, 
or other smokeless fuel. The body is a cylinder of cast-iron, on a cast-iron base to hold 
the ashpan. The fuel is burned in a cylindrical fire-pot of fireclay, having a grid at the 
bottom, which can be shaken so as to let drop the ash, or tilted so as to let fell the iihole 
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of the fire into the ashpit. The charging door, near the upper end, is made with panes 
of talo, through which the fire can be seen. The gaseous products pass off direct by the 
nozzle at the back into the chimney. When day and night service is required, a hopper 
for fael is provided, placed over the fire-pot. The supply of air for combustion is 
regulated by slides at the hearth. 

No. 103, Hahrt Hunt. — * Economy ' Base-Burner Hall Stove, for smokeless fuels. 
The body is a cylinder of cast-iron, on a cast-iron base to provide the base flues. The fuel 
is bumai in a cylindrical fire-pot of fireclay, like that of the * Economy ' Portable Stove, 
having a tilting grid at the bottom. The tael is filled into an upright hopper above the 
fire, whence it is supplied by gravitation as the fire bums away. The gaseous products 
pass over the top of the fire-pot, and descend at each side into the base of the stove, 
beneath the fire-chamber, within which they circulate. Thence, they pass off by a 
flue-pipe to the chimney. The charging door is formed with panes of talc. 

No. 104. Yates, Haywood & Co. — The * Miser' Stove. An upright cast-iron 
cylinder, lined with firebrick. The lining is double at the back, forming a descending 
flue for the gaseous products, which pass into the flue through perforations at various 
levels. The gases pass to the right and the left at the bottom, and ascend through two 
upright pipes or pillars, one at each side, into an upper chamber, whence they are drawn 
off through a nozzle into the flue. (Plate 22.) 

No. 105. John Cornforth. — The * Little Wonder.' An oblong rectangular stove of 
cast-iron. The fire-bars are hollow, and are traversed by air which is heated on its way 
through, and is delivered upwards at the bridge, so as to meet and mingle with, and 
consume the combustible gases passing firom the fire. 

No. 106. B. W. CRoeTHWATTE. — ^Armstead's Stove, No. 3. An upright cylinder of 
cast-iron, grated at the bottom, and lined with fireclay at the fire-place. The fiiel is 
charged at the top. The burning gases ascend, make a circuit in a spacious annular 
flue of cast-iron round the upper end of the cylinder, and proceed thence to the 
chimney. The area of radiating surface is doubled by the annulsur flue. 

Nos. 107, 108, 109, 110. B. W. Crosthwaite.— Armstead's Stoves, Nos. 1, 2, 4, 
and 5, as in No. 106. 

No. Ill,- W. Stobbs. — * Crystal ' Ventilating Grate, for anthracite and coke. It is 
half-roimd in plan, and projects into the room. A circular fire-basket, grated all round, has 
a movable flat grid for the bottom, which can be shaken to clear out ash, or drawn aside 
to let fail the fire. It is fed with fuel from a circular hopper, grated all round. The 
whole is placed within a cast-iron case made with panes of talc to show the fire. The 
products of combustion pass upwards and enter the hopper at the upper part above the 
fuel, passing through the grating of the hopper. Thence they descend through two 
flues, one at each side of the hopper, to the base, whence they radiate heat at each side, 
and pass off to the chimney. Fresh air is admitted at the base into the surrounding 
casing, whence it is delivered warm into the room. (Plate 22.) 

No» 112. DoULTON&Co. — ' Top-Feeding Stove,' in stoneware. A square upright 
stove, divided by a vertical partition, forming at one side a hopper for the charging of coal, 
which gradually falls to replace the fuel consumed. The gaseous products pass through 
an opening near the base of the partition into the other compartment, where they meet 
an additional supply of air ; and from the upper part of this compartment the gases pass 
into the flue. It is designed thus to consume all the smoke. Fresh air is admitted into 
the lateral warming spaces, firom the upper parts of which it escapes into the room. 
(Plate 23.) 

I 



No. 113. Harhy Hcmt. — 'Crown Jewel' Baae-Bumer Hall Stove, for bnraing 
a&thnirite and other smokeless fuelg. The fuel is burned in a hemispherical fire-basket 
of caet-iioD in three pieces : the body and the grid-gaueer, with a sliding plate at the 
bottom. The body is grilled all round at the lower part for the admission of air, in 
addition to the air admitted through the grid. The plate maj be shaken, or it may be 
withdrawn, to let fall the ash, or the whole of the fire, into the ashpan. The draught 
parses over the erlge of the fire-basket, and descends to the baae, where it circulates 
below the aahpan pnor to passing ofi" to the chimney by a back fine. (Plate 24.) 

No. 114. Hahry Hunt, — 'Hygiene' Ventilating Stove, for burning smokeless 
fuel ! resembling an ordinary grate, enclosed with talc windows. The fuel ia burned in a 
shallow circular tire-pot of cast-iron, in two pieces, of which the upper part or body is in- 
dented at the lower part, to form a grill for admitting air all round to the fuel. The 
lower part is a circular grid on which the fuel rests. It can be shaken or tilted, when 
required, so as to let fail the ash or the whole of the fire into the ashbox. The fuel is 
fed from a round hopper above the fire. The draught passes over the edge of the fire- 
pot, and descends through a number of pijws to the base, where it circulates below the 
fire-chamber ; thence iiassing by an upright flue-pipe to the chimney. The upright 
pij)es, with the flue-pipe, are encased In a hot-air chamber at the back. Fresh air is 
admitted into this chamber below, and is heated in passing upwards around the pipes 
and the escaiie flue-pipe, all of which are coated with fireclay. The air escapes through 
a grating at the up^jer part into the room. (Plate 24.) 

No, 1 1 5. Van der habst. — Charcoal Stove. A cylindrical cast-iron stove, for boming 
charcoal briquettes. No flue-exit is provided for the gaseous products. 



No. 116. Steel & Gablasd. — Four-pillai 
design as the 'Miser,' No. 104. There are foui 
the' Miser.' 



Stove (Redmayne's). The same in 
pillars or pipes, instead of two, as ia 



No. 117. Brown & Gkef.?). — 'Twin' Smoke-conaiiming Stove, or Double-heatiug 
Stove. In one stove the fire is m.'wli' with a downwaid diaught through the fire. The 
gases are conveyed into the second sUjvc, thence to the chimney. The second stove has 
an inside lining enclosing an ' air-jacket,' into which air enters at the bottom, escaping 
warmed at the upper part. (Plate 25.) 

No. 118. J. r. Farwio & Co. — ' Calorigen ' Slow-combuation Stove. Within a 
cast-iron cylindrical casing, a cylindrical fuel-chamber of fireclay is placed e«:entrically, 
filled with coal, which is lit from the bottom, to which the supply of air is regulated. A 
fresh-air chamber is placed beside the fuel-chamber, overlapping it sidewise, in which 
external air, admitted below, is warmed; the air being discharged at the upper part. 
(PLUe 26.) 

No. 1 1 9. The Sino-iOHT Stove Company.—' Sunlight ' Heating-Stove. The fuel is 
burned in a brazier or fire-hasket grated all round it, surmounted by a * heat-chamber,' 
like n small table, in which ' the heat can spread,' having a baffle plate to prevent the 
direct egress of the gases to the chimney. Fuel is supplied through the side of the 
he at -chamber, which is fitted with sliding perforated doors. A movable ashbox is 
fitted below the brazier. 

No. 120. J. Pl-snachie. — ' Star ' Heating- Stove. An upright sqtiare stove of fire- 
brick, in ao ojien cast-iron casing. It is divided diagonally into two compartmeDts by 
» partition, oveY which the gases paws nnd descend on the other side of the partition; 
they then \nuis off into the floe. Air for combustion is admitted behind the lower 
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part of the partition, becoming heated, and passing through holes in the partition into 
the fire-place. (Phie 27.) 

No. 121. DouLTON & Co. — Ordinary large Stove, in stoneware, ventilating. The 
fire-place is formed at the bottom, whence the gaseous products pass out into the body 
of the stove. The gases are caused by baffle-plates suitably placed to take a zigzag 
course upwards, and thus pass off to the chimney. Fresh air is introduced at the 
bottom, and ascends through two upright square pipes into an air-chamber at the top, 
from which it passes out laterally. (Plate 26.) 

No. 122. W. Barton. — The * Premier ' Stove. Cylindrical, upright, and built up of 
sections, without bolts or screws ; easily mounted and dismounted. It is formed with 
numerous gills on the outside for the conduction and rapid dispersion of heat. The 
deadplate and grate, in one piece, can be withdrawn through the lower doorway. 
(Plate 28.) 

No. 123. Franz Lonholdt — (Agents, Rosser & Russell, London). — Anthracite 
Stove, base-burning. It is an upright stove, of cast-iron, having panes of talc to 
show the fire. The fire is contained in a circular basket, into which the fuel is 
supplied from an upright cylinder or hopper above the basket. It has a bottom grid 
which is movable for shaking out ash and cinders, without causing dust, as the ash 
£alls into a pan enclosed beneath the grate. The grate-basket is isolated and does 
not touch the inner casing in which it is enclosed. Air from the room, as well 
as fresh external air, circulates through upright tubes at the sides of the grate, where 
it is heated and whence it passes in upward streams into the room. Foul air from 
the room is passed through a ventilator into the smoke-flue before it enters the 
chimney. The products of combustion are drawn downwards, and they circulate in the 
base of the stove before they pass to the chimney. The supply of air for combustion 
can be regulated or shut off. By this means, with the admission of air into the flue, 
the fire in the stove can be regulated to bum several days and nights continuously, 
with one supply of ftiel. If charged with fuel at intervals of from twenty-four hours 
to forty-eight hours, the stove bums continuously throughout the winter. (Plate 27.) 

No. 124. Franz Lonholdt. — Anthracite Stove. The same as for No. 123. 

No. 125. Franz Lonholdt. — Anthracite Stove. The same as for No. 123. 

No. 126. H. J. Piron. — Ventilating Stove, burning anthracite. This is an up- 
right cast-iron cylinder, enclosing an inner cylinder, of which the lower part is occupied 
by the fire-place, and the upper part is narrowed to a swan-neck form conducting the 
gaseous products to the flue-pipe. The fire-place is of iron, with a grid at the bottom. 
The air required for burning the friel is drawn from the apartment ; and the same air 
is allowed to pass upwards outside the fire-pot, to meet and mingle with the gaseous 
products, and to pass off with them. The interspace between the outer and the inner 
cylinder is occupied by fresh air admitted at the lower part, which is heated as it ascends 
and passes into the room at the upper part of the outer cylinder. A pan of water is 
placed beneath the fire-pot, and water is lodged on the top of the stove for evaporation 
into the room. The casing is lined with a non-conducting substance. 

No. 127. R. W. Crosthwaite. — Armstead-Gregory Stove. A combination of 
Armstead's Stove (No. 106) and Gregory's Stove (No. 95). (Plate 28.) 

No. 128. Brown & Green. — * Albion' Stove. Upright cylinder of cast-iron, 
lined with firebrick for part of the height. The grate may be withdrawn by the ash- 
door, and the ash falls to the bottom. The nozzle or flue-pipe at the upper part it 
guarded by a grid to prevent fuel lodging in it. (Plate 28.) 
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BO TESTS OF CLOSE STOVES. 



No. 129. Brown & Green. — Cylindrical Stove, with reversible draught ; fitted 
with valves for this purpose. 

No. 130. J. DuNNACHiE. — * Star' Heating-Stove. The same as No. 120, 



ADDENDA. 

E. Kaulbach exhibited the ^ Phoebus ' Reversible Grate. The basket is cubical, made 
of ornamental grating, admitting air to the fuel at every side. The basket is suspended on 
two trunnions, which are supported by carriages that travel on rails. Thus, the fire can 
be brought forward, or pushed back, and the temperature of the apartment regulated ac- 
cordingly. A simple mechanical arrangement, concealed in one of the carriages, and 
consisting merely of a pinion and screw, enables the basket to be instantly reversed after 
re-feeding. The fire is lighted from the top and bums downwards, consuming its own 
smoke, as shown by the subjoined result of a test which took place in the open arcade, 
on March 7, 1882. The grate was three hours under a partial test, for smoke-ehade ; 
during the first hour there was no visible smoke, afterwards the smoke-shade varied from 
No. 1 to No. 2 ; and the average smoke-shade for the whole time was 1*13. There were 
no means, on this occasion, of testing for temperature. 

J. & J. McMillan's Under-feeding Grate was tested in connection with their 
kitchener, which is noticed at page 101. 
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RESULTS OF THE TESTS OF OPEN GRATES 

AND CLOSE STOVES. 



The results of the tests of grates and stoves are embodied in the large 
Table IIL, following, comprising the results of 130 tests, effected in 59 open grates 
and 33 close stoves. They are placed in six classes, in chronological order for each 
class, comprising a period of three months, from December 1881 to March 1882. 
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TESTS OF ORATES AND STOVES. 



Table III.— RESULTS OF TESTS OF OPEN GRJ 

Class I. Open Gratea, having orA 



No. 

of 

test 



3 
4 
5 
6 
7 
8 

9 

10 
11 

12 

13 
14 
15 
16 
17 
18 

19 

20 
21 
22 

23 

24 
25 

26 

27 

28 

29 
30 

31 

32 



No. of 

teKtlog 

room 



2 



4 
2 
2 
4 
2 
2 



3 
3 

In 
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4 
4 
4 
4 
2 
2 



r> 

2 
2 



4 

3 



4 

^n Sr|. 

1 
1 

1 

1 



Date 



8 



Dec. 17, 1881 
19 



ft 
tt 
»t 
ft 
ft 
tf 

»f 



20 
26 
27 
28 
29 
30 

30 



ff 

ft 
»• 
ft 
»» 
t* 
*t 

f> 



Jan. 12, 1882 
23 



ft 



•« 



26 



25 
26 
27 
28 
ff 28 
Feb. 3 



tf 
ft 
ft 
ft 



tf 

ft 
ft 
tf 

tf 

ft 
«t 



7 
7 
8 

9 

9 
9 



f» 



15 
,. 21 
Mar. 16 






If 



17 
18 

20 

22 



ff 

ft 
ft 
ft 
tf 
tf 
ft 

ff 

ft 
ff 
ft 

ft 

ft 
ft 

tf 

ft 

ff 

t) 
ft 

ft 

t» 



Name of exhibitor 



J. G. Gray ... 

Barnard, Bishop k. Barnards 

The British Sanitary Co. 
M. Ferret . 

Do. . 
J. Wright & Co. 
M. Ferret . 

Do. . 



J. Wright & Co. 

J . Fotter k Sons 
Perceval & Westmacott 



Jnmes Smith 

W. Poore & Co. • 
Do. . . . 

T.Nash 

Do. . . . 

W. P. Taylor 

The Radiator Range Co. 

A. B. Verrier 



Do. 
Rosser k. Russell 
W. P. Taylor 

G. Haller k Co. 

Perceval k Westmacott 
The Radiator Range Co. 

R. H. Shorland . 

A. C. Engirt 

R. H. Griffin 

J. Wavish, plain grate 
Do. with apparatus 

Do. do. 

Do. plain grate . 



Exhibitors* tiUes, and deneripttons 



Open grate, perforated loose back 

The ' Anthracite grate ' j 

Basket grate, enclosed in sheet-iron and glass ; heating air . 

* Radiating fire-grate,' firebrick lining and roof 

Do. do. do. 

' Hygienic ventilating stove,* reversed draft, air heated . 

As before (No. 4) 

As before (No. 4) 

Hygienic stove, as above 

Open grate : thermhydric (hot-water pipes), air heated • 

* Parlour stove,' heating and oooking ; air heated . 



Open grate : coal coked at back 



* Triumph ' stove : firebrick lining, and blower 

Do. do. do. . . . • 

Open grate : backdown draught to deposit soot 

Do. do. do. 

Fresh-air opening in hearth ; gilled and perforated beck 
Combustion chamber at back of grate ..... 
I * Comet ' grate : firebrick lining, blower, heating freah air, and i 
1 drawing foul air from upper pert of room ... 1 
Do. do. do. 

Fireclay back, fluted ; air heated 

Air opening in hearth, and openings through brick beck 
( Kohlhofer's hot-air stove : air-cliamber above and at sides, iq>i 
t and down pipe-flues i 

* Sanitary stove ' 

As before (No. 18) 

I The * Manchester ' grate, G. L. Shorland's patent. Air hnted, i 

1 carried off in pipes I 

The * Solo ' grate : half-barrel form grate .... 

Perforated bock, sides, and bottom. External air heated 

Plain grate 

The * Economiscr : ' air-cylinder in heart of fire 



Do. 
Plain grate 



do. 
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'SE STOVES FOR HEATING. 1881-82. 
i8 and wpward dranghi. 
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12 8 
4 4 


2 12 


420 


46-60 


54-23 


69-0 


12-65 


20-67 


317-50 


360-0 


204-46 


220-0 


6-10 


4-33 


Wallaend 


12 11 


1 


60-0 


6260 


60-29 


63-0 


12-0 


14-67 


330-0 




1600 


1600 


4-21 


3-33 


Do. 


37 


6 11 


8 


420 


46-26 


54-24 


62-84 


17-0 


17-67 


49708 


613-33 


26077 


290-0 


4-36 


2-33 


Do. 


21 13 


3 16} 


14 


420 


61-76 


66-71 


72-83 


12-75 


15-0 


2910 




144 


1400 


1-33 


0-0 


Do. 


12 


2 4 




380 


49-75 


68-15 


64-0 


9-46 


16-33 


226-11 


324-33 


230-0 


240-0 


3-89 


1-67 


Do. 


20 


3 10| 




380 


46-0 


52-86 


69-86 


21-77 


27-0 


418-0 


480-0 


257-27 


363-33 


3-86 


1-67 


Do. 


17 13 


3 9 


1 14 


320 


36-60 


44-14 


44-17 


11-46 


14-67 


430-0 


4300 


166-0 


186-0 


3-10 


1-33 


Do. 


19 3 


3 13j 


2 6 


420 


41-60 


49-43 


60-60 


1418 


18-30 


430-0 


— 


1700 


183-33 


2-28 


00 


Do. 


20 10 


4 2 


3 7 


430 


43-75 


47-75 


60-09 


16-28 


200 


630-0 


— 


192-60 


2000 


3-00 


OK) 


Do. 


13 9 


2 lU 


2 3 


400 


47-60 


58-83 


63-68 


13-91 


17-70 


1800 


— 


210-0 


240-0 


281 


0-33 


Do. 


17 12 


3 8} 


12 


380 


61-60 


67-06 


5916 


15-09 


17-34 


270-0 


— . 


190-0 


— ^ 


4-43 


1-0 


Do. 


10 5 


2 r 


3 


63-27 


63-25 


61-43 


61-74 


1326 


19-0 


305-0 


— 


102-50 


1400 


2-36 


0-0 


Do. 


13 1 


2 9| 


9 


420 


46-0 


560 


60-09 


190 


25-0 


— 


— 




— 


3-60 


30 


Do. 


18 8 


3 lOi 


n 


42-0 


46-0 


6605 


60-08 


18-82 


24-67 






— 


— 


2-78 


0-67 


Do. 


15 5 


3 1 


360 


43-0 


60-12 


64-42 


11-64 


17-66 


— 




— 


— 


3-40 


2-33 


Do. 


13 8 


2 in 


8 


60-0 


490 


64-70 


58-09 


11-66 


140 


— 


— 




_ 


340 


1-33 


Do. 


16 14 


3 2| 


14 


630 


62-25 


680 


61-42 


130 


170 


— 






— 


2-40 


0-33 


Do. 


20 4 


4 0} 


8 


640 


63-76 


63-0 


67-33 


18-60 


24-0 




— 




1-65 


0-0 


A the incandescent fuelf with uj. 


nuard draug) 


iL 




Wallnnd 
Cinders 


16 
11 


}2 9| 


1 


43-62 


46 25 


57-84 


64-50 


13-20 


16-0 


370-0 


430-0 


134-80 


210-0 


2-52 


1-0 


Wallsend 
Cinders 


2 6| 

m 


4 




— 


— 


— 


1030 




— 


— 


— 


— 


3-00 


2-38 


Wallsend 


20 3 


4 04 


2 1 


310 


41-50 


63-02 


56-83 


21-46 


27-30 


430-0 




137-50 


166-0 


2-12 


_ 


Do. 


11 6 


2 4J 


9 


400 


60-25 


61-20 


62-80 


9-10 


110 


193-33 


210-0 


202-0 


1200 


4-14 


3-0 


Do. 


12 3 


2 7 


1 2 


330 


39-50 


47-16 


50-22 


15-0 


19-30 


430-0 


— 


259-0 


290-0 


300 


20 


Do. 


16 4 


3 4 


1 7 


400 


48-76 


54-1.n 


56-67 


918 


13-33 


330-0 


— 


206-2 


225-0 


2-31 


3-33 



K 
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TESTS OF ORATES AND STOVES. 



Table III.— RESULTS OF TESTS OF OPEN GRATH 
Class IV. Open Orates to which freak fud urn 



No. 

or 



59 
60 

61 

62 
63 

64 

65 
66 
67 



Xo. of 

teeing 

room 



2 



i 
4 



8 
4 



4 
4 
4 



Date 



8 



Dec. 12, 1881 
Feb. 20, 1882 

Dec. 15, 1881 

., 20 „ 
»» 31 „ 

Jao. 2, 1882 

Feb. 2 






3 
4 



n 
ft 
tt 



Name of exhibitor 



A. C. Engert 
Do. . 



Hopper-Fed. 

Musgrave k Co. . 

The Ck)aIbrookdale Company 
J. M. Stanley . 

Do. 

H. E. Hoole • . 

Archibald Smith k Stevens 
Do. do. 



ExhibitorC titles, and deaerlptlons 



Coking box at back 
Do. do. 



* Ulster ' register stove, hopper at back, heats air 

* Gassius * grate, hopper fed, solid bottom . 
Downward draft, hopper fed .... 

Do. do. • . • • 

Hopper at each side, openings at bottom ; conicttl 

* Wonderful ' grate, hopper at back . 

Do. do. do. 



• 



Class V. Open Oratesj having a doi 



68 

69 

70 

71 

72 
73 

74 
75 

76 

77 

78 

79 
80 
81 
82 
83 
84 
85 

86 

87 
88 
89 
90 

91 

92 
93 

94 



8 
8 



8 
3 
3 
8 

4 

4 

8 

8 
4 
2 
4 
4 
2 
3 

8 

8 
2 

.3 
3 



4 
2 



Deo. 24, 1881 






24 

27 



•• 



Jan. 4, 



1882 



»t 
»f 

t* 

H 

f» 

t» 

tt 

ft 
>t 
»t 
tt 
tt 
tt 
tt 

Feb. 

• t 
t( 
>« 



4 

7 

9 

10 

12 

13 

16 

17 
18 
21 
21 
23 
23 
24 



2 

o 

4 

7 

M 8 

.. 10 
.. 25 

Mar. 15 



»t 
tt 
tt 
tt 

ft 

tt 

tt 

t9 
99 
It 
tt 
tt 
tt 
t* 

t* 

t* 

♦ » 

tt 

• t 

t« 



The Coalbrookdale Co. 

Captain T. E. Clarke . 
Do. do. 

The Derwent Fonndry Co. 

M. Feetham k Co. 
Do. do. 
Do. do. 
Do. do. 

Tates, Haywood k Co. 

Do. do. 

Deane k Co. 

Do. 
J. Moore . 
Steel k Garland 
Clark, fiunnett k Co. 

Do. do. 
Steel k Garland 
Brown k (Jrecn 

W. I. Henry 

Do. 
T. E. rarktr 

Do. 
J. Com forth 

W. I. Henry 

Deanc k Co. 
W. lAwrencc 

Tlie Wilson Kngiiifcrinnr po 



{ 
{ 



' Kyrle * grate, firebrick lining and floor, baokwud 

bottom 

Downwud draught, air heated behind • • . • 
Do. do. do. . . • • 

'Smoke-burning register,' Jobson's patant; downwaid m 

backward draught ; tubular air-bars .... 
Ventilating dog grate, fire-basket, downward dxmuglit . 
' Hurst' grate, downward and backward dxmught, «ir ~ 
Do. do. do. 

Do. do. do. 

rRedma3me's patent, backward draught* solid flooc; ti 

\ heated 

Do. do. do. 

r Crane's anthracite grate, firebrick back and sides, downvMi 

\ draught . 

Do. do. do. 

Draught backwards and downwards, air heating . 

* Kensington' grate, back and sidedranghtsintoflae,eirhialfa 
Ingram's * Kaio-Kapnos ' g^ra' e : backward dranght^mir lissli^ 

Do. do. do. 

* Kensington ' grate, as above 

* Luton * register gn^ate, backward draught 
r Reeve k Henry's * smoke purifyer ' (* Calpean *), 
\ backward draught, and filter chamber 

Do. do. do. 

Downward and backward draught 

Do. do. 

Hollow air-bara and backward draught . 
r Reeve and Henry's * smoke purifyer' ('Calpean 
\ Karate, with back draught and filter chamber 
Crane's prate, as above ..... 
Rackwurd drau^^ht, into a combustion chamber 

Backward and lateral draught . • 



hob gwU 



), registe 





^^Km OPEN GRATES 


DOWNWARD OR BACKWARD DRAUGHT. i\7^^^^^ 




STOVES FOE HEATING. 1881-82— CcOTi(»iUpJ). 


^^^ 




back, or from the 


sidles, or from hoppers. 




■ 


^^^H ¥UU. GOKRL'Ueil 






C„,»«, 


«.,..^a«» 
















DUrs™. 


KO ilUi! (0 


't^X' 




















■111 B fMt higl. 




.n. a (Mt 
















s_ib 








high,«f 






T.ULl 


Atc 


















































Pm 


llDUC 




"■^ 


™rc^" 


TdUI 


iv^g 


T»^l 


"S" 


TM*I 


ivutape 


Ti.Ul 


*™'^ 


rage 


b«u 












Wrtght 










ment 


»engc 


lioor 


ingo 


hour 


urenigi! 


lionr 


«g« 


hour 










8 





10 


U 


13 


13 


14 


IB 


18 


17 


IB 


19 


ao 


SI 


88 


83 


■ 






II). «. 


lb. 


Ol 


lb n» 


flOK, P. 


rt.'g. v. 


rttif. F. 




itt- f- 


Art. F, 








SaS.V. 




So. 


El 


L&mbton 


13 12 


) 
































Bud Elm 


14 




12i 


13 


3S°50 


39°0 


67°-33 


61-81 


T°92 


8°67 










1-66 


0-0 




^r 1 


WalliwDd 


4 e 


f^ 


































Wallsend 


14 3 


2 


13i 


4 


390 


490 


S6'62 


57 16 


11-28 


13-0 


337-0 


- 


160-0 


- 


2-93 


0-33 


I 


»{ 


duAen 

Wultwnd 


4 g 
13 


}=■ 


6 


H 


130 


49'0 


66-15 


6S08 


io:w 


11-86 


3450 








2-23 


167 


1 


Waltaend 




3 


8 


2 6 


430 


4fi'50 


53-79 


57-75 


8 65 


14-0 


409-0 


— 


118-0 


146-0 


1-76 


00 


■ 




Dn- 


H3 8 


6 


g; 


1 


4flO 


a4oO 


68'92 


77-66 


100 


16-0 


34B-0 


333-33 


333-0 


400-0 


224 


3-0 


■ 


E^ 


Walbend 
Antlir.iciti! 


.H 
:ii 


''I 





1 


180 


49-75 


6178 


70-58 


9-01 


12-67 


338-80 


296-67 


313-77 


366-77 


0-88 


00 


■ 


WalUewl 


10 u 


3| 


4 


.330 


460 


68-80 


63-20 


14-60 


23-0 


180-0 


._ 


157-7*' 


186-67 


2-66 


1-.1S 






AnthraeiK' 


19 11 


3 


ISJ 


8 


;!!I0 


53'0 


60-91 


64-5(1 


14-46 


23-0 


453-0 


663-33 


361-0 


376-67 


0-53 


0-0 






WallsCDd 


ib 4 


6 


o; 


14 


310 


480 


67-02 


61-16 


14-09 


20-67 


401-11 


433-33 


266-67 


286-67 


4-39 


4'33 


1 


baeku'ard, or a lateral draught. 


93 


Anthracite 


8 8 


1 


'U 


2 


350 


43'0 


51-11 


64-26 


13-U 


18-34 


316-0 


_ 


_ 


_ 


0-00 


00 


12 


WoMMnA 


12 i-l 




9 


^ 


.S50 


41-0 


60-0 


65-91 


700 


11 -33 


270-0 


_ 


_ 


_ 


175 


0-67 




16 


Do, 


11 12 




6, 


1 1 


440 


47'2 


52'29 


65-58 


8-73 


11-33 


330-0 


— 


— 


— 


293 


to 




sa 


Do. 


;n 8 




4 


1 


iO-0 


530 


64-36 


SS-83 


1708 


14-33 


350-0 


430-30 


249'SO 


390-0 


316 


133 




33 


no. 


21 16 




13J 


4 


38-0 


66-50 


6B-22 


76-17 


23-31 


29-0 


530-0 


_ 


183-0 


_ 


119 


0^) 


■ 


le 


IJo, 


19 g 






I 


420 


63-2 


66-60 


71-50 


27-30 


41-0 


2700 




2960 




1'41 


0-0 




ss 


Anthracite 


12 






3 6 


420 


49-6 


61-14 


64-83 


14-0 


32-0 


2700 


3700 


190-0 




1-33 


00 


H 


33 


W^Jlseod 


lit 4 




H 


1 


420 


46-8 


60'30 


67-0 


1933 


16-67 


370-0 


— 


163-27 


— 


— 


— 


■ 


3* 


Do. 


25 




81 


— 


470 


64-0 


68-94 


76 17 


15-77 


22-33 


348-10 


303 33 


316-67 


240-0 


4-73 


3-67 


■ 


S3 


Anlhradte 


ia 4 




11 


— 


470 


B28 


71-39 


76-83 


16-36 


31-66 


36905 


363-33 


196-46 


346-67 


027 


0-0 


■ 


23 


Do. 


1« 




3J 


1 13 


44'0 


60'8 


60-74 


63 08 


18-91 


36-34 


302-0 


— 


200-0 


240-0 


0-18 


00 


V 


S( 


Walbend 


IS 4 




OJ 


1 1 


340 


47-8 


69-96 


64-33 


19-19 


26-67 


3B.=i-0 


_ 


3360 


2300 


3-90 


3-33 




22 


Do. 


16 B 




4. 


H 




43-8 


B8-90 


70 43 


13-09 




3300 




1900 




2-eo 


30 




S3 


Do. 


19 13 




!) 


1 6 


3f;so 


44-2 


60-66 


67-41 


15-16 


23-33 










3-66 


1-0 




34 


Do. 


■it 8 




11 




3fi0 


460 


66'66 


69 68 


1838 


33-0 


620-0 


660-00 


3500 




3-31 


3-67 




33 

S8 


Anihraciie 


24 le 




16 


5 


37 


44'8 


63-36 


57 60 


13-1) 


23 


330-0 




200-0 




000 


(H) 




Do. 


SI 1 




3 




370 




66-2a 


61 7B 


7-80 


160 


430-0 




1.10-0 




000 


0-0 




Do. 


13 




9 


3 14 


360 


45-6 


6479 


58-35 


1355 


160 


430-0 


4300 


137-60 


140-0 


0-00 


0-0 




<» 


W»]l«end 


8 16 




ei 


8 


360 


60-6 


68 07 


61-17 


3-37 


3' 66 


330-0 


— 


1100 


120 


1-62 


0-33 




11 


Do. 


10 G 




1 


10 


330 


42-5 


4743 


51 -.34 


8S2 


11-0 


43O-0 


_ 


ne-11 


136-0 


183 


0-0 


^H 


14 


Do. 


17 1 




Tl 


3 


330 


43-0 


61-72 


69 08 


II'SG 


16-0 


3700 




180-0 




320 


0'S3 




le 


Do. 


16 10 




2 


3 


34 


42-8 


67-47 


58-60 


1309 


160 


330-0 




156-70 


180-0 


2-37 






J» 


Do. 


U 3 




1.-4 


1 G 


42-60 


4'J-O 


63-60 


68-0 


16-73 


22-33 


4300 


— 


260-0 


— 


3-60 


— 


^H 




Do. 


6 G 




H 


1 


400 


600 


64 03 


66-93 


S-37 


8-33 


21 00 


— 


950 


110-0 


001 


0-33 


■ 


K 


Do. 


14 I! 




15J 


16 


38-0 


46-5 


5S06 


6608 


13-11 


16 33 


SS3-0 


3630 


160-0 


1600 


4-46 


0-10 


■ 


^^E[ 


Do. 


3fi S 




4 


11 


60 60 




63 07 


67-25 


20 09 


19-67 


5960 


— 


17620 


— 


2-72 


0-33 




K 


Harrt Stm, 

Wa]ls.'nd 


18 8 
1 H 


}' 




I 2 


490 


48-3 


sa-09 


60-17 


13-73 


1600 


326-0 


330 


- 


- 


1-23 


1-83 


I 


1 


^^ 






k2 




J 
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TESTS OF ORATES AND STOVES. 



Table III.— RESULTS OF TESTS OF OPEN GBAl 



No. 

of 

test 



No. of 

testing 

room 



Date 



8 



95 


5 


96 


3 


97 


2 


98 


5 


99 


3 


100 


5 


101 


2 


102 


4 


103 


5 


104 


4 


106 


2 


106 


5 


107 


2 


108 


2 


109 


5 


110 


5 


111 


5 


112 


2 


113 


5 


lU 


5 


115 


4 


116 


2 


117 


3 


118 


3 


119 


3 


120 


5 


121 


2 


122 


5 


123 


5 


124 


6 


125 


5 


126 


5 


127 


5 


128 


2 


129 


3 


\'M) 


2 



Dec. 15, 1881 

„ 15-16 „ 
>t 23 „ 
23-24 



ft 



ff 



t> 30-31 „ 

Jan. 4, 1882 

6 

7 

7 
10 
11 
12 
12 
13 
13 
U 
18 
19 
21 
24 



t* 
t* 
»t 
ft 
ff 
ft 
tf 
ft 
ft 
»» 
ft 
ff 
ft 
f> 



f» 
ft 
f» 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
ft 
tf 
tt 
ft 



ft 
ft 
tf 
>f 
ft 
Feb. 

ft 

ft 

ft 

tf 
•t 
tf 



24 

24 

27 

30 

31 

31 

1 

6 

8 



10-11 

11 
13 
14 
27 



Mar. 1 
May 18 



ft 

ft 
ft 
ft 
ft 

n 
tf 
ft 
ft 

ft 

tf 
ft 
tt 
tt 
tt 
ft 



Name of exhibitor 



C. B. Gregory . 

Musg^vc k Co. . 
Rev. H. J. Newcome 
6. J. Klingenbcrg 

C. Portway k Son 

The Derwent Foundry CJo. 
Doulton k Co. 
H. Hunt . 

Do. . 
Yates, Haywood k Co 
J. Cornforth 
R. W. Cro8thwait« 

Do. 

Do. 

Do. 

Do. 
W. Stobbs . 
Doulton k Co. 
H. Hunt . 

Do. 

Van der Harst 

Steel k Garland 
Brown k Green 
J. F. Farwig k Co. 
The Sunlight Stove Co. 
J. Dunnaciiic 
Doulton k Co. . 
W. Barton . 
F. Lonholdt 

Do. 

Do. 
H. J. Piron 
R. W. Crosthwuite 
Brown k Green . 

Do 
J. Dunnachie 



EzhibitonT titles, and deecriptioBi 



* Smoke-burning furnace * 



Slow-combustion stove . . 

' Tubular air warmer * 

Reek's heating and ventilatiog stove 

* Tortoise * stove, slow combustion heating and laondfjllBii 

Jobson's ' Slow combustion gill stove,* downwazd dna^ • 

* Spiral * stove of stoneware, air heating 
' Economy * portable heating stove . 
' Economy ' base burner .... 

* Miser' stove, two pillars 

* Little Wonder ' stove : hollow fire-ban to bum 
Armstead's stove No. 3, delivering hot air 



Do. 


1 


Do. 


2 


Do. 


4 


Do. 


6 



Do. 
Do. 
Do. 
Do. 



* Crystal ' ventilating gr&to . 
' Top-feeding* stove, stoneware, air heating 

* Crown Jewel ' base burner hall stove . 
' Hygiene ' ventilating stove, base burner ; heated 

Charcoal stove 



4-Pillar stove (* Miser' class) . 

* Twin ' stove 

* Calorigen ' stove, air heating 

* Sunlight ' stove 

* Star ' heating-stove, firebrick 

Ordinary large stove, stoneware, with baffler 

* The Premier ' stove 
Anthracite stove, air heating 

Do. do. 

Do. do. 

Hot-air stove and ventilator 
Armstead-Gregory stove . 

* Albion ' stove 
Close stove, with reversible draught 

* Star ' heating-stovo, as alwve 



the 



air 
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- 
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§•- i 




L. 








^ 




^■PMtt/iutu 






!' "~ 




1^ 
















^ 


t^ 


TVIOB 






C«.>»„ 


SMDIB-iBiDB 


— M 




■ IM 








DiffeiHiD 


dnsto 










*■ ;— i 






.h 




. B hit 


Velncity of 






Ar^ 


• a '3 I 
















H 


tsgo 




vn.^,. 


Totil 




TOWI 


^■rr 


To^ 


^S"' 






























r 


Llrg. F. 


16 


18 


17 


IS 


X9 


ao 


21 


23 


aa 


deg.P. 


d^,F. 


atg. P, 


'rnu« 




dog. F. 


iog.y. 


«0. 


No. 




'^ 


7S°68 


91°2S 


13-°86 


lb°0 


6660 


666-0 


- 


- 


000 


0-00 




>^{ 


lBtli.77-8(i 


82T 


9-85 


12-67 


1170 


_ 


4000 




000 


000 




lOth, 6604 












1600 




000 


0-00 




>0 


68-80 


65-25 


3-flO 


500 


1730 




90-0 




2-00 


000 




'il^{ 


llrt. 48-20 


62-60 


200 


167 










1-75 






MUi, 49-50 


49-50 


1-66 


1-66 










000 






«.{ 


aatb. 6T'li) 


76-41 


12B1 


IflO 


161-0 




1370 




000 


000 




ii>t. 61-33 




40 


















1 M-3 


47-40 


50-60 


1-31 


10 


263-48 




168 


200-0 


335 


0-00 




B6'0 


67-09 


74-42 


210 


233 






660 




104 


ooo 




46-6 


86-77 


72-33 


6-91 


967 


26320 


3000 


162 31 


180 


0-30 


000 




4G'8 


Sl-44 


64-81 


3-31 


40 


21292 


183 33 


166 83 


1800 




0-00 




480 


6066 


6608 


4'3G 


6-67 


1210 








4-48 


300 




■»« 


64-6 


88-41 


9666 


16-36 


180 


4300 




180-60 


186-0 


0-69 


0-00 




W^o 


500 


60-66 


70-83 


7-42 


13-67 


232-73 


2700 


1900 


203-33 


0-50 


033 




Sb-o 


58-8 


69-90 


77-33 


782 


10-0 










000 


0-00 




'4T-0 


56-5 


68 Gl 


720 


854 


100 


180 






230-0 


000 


0-00 




*7'0 


E3-8 


69-87 


75 50 


17-76 


1766 


3200 


3500 


239-09 


3500 


OKM) 


0-00 




420 


62'0 


67-83 


77-4 [ 


1717 


23-0 


296-45 


330'0 


231 82 


2500 


000 


ooo 


^^^^^^P 


330 


47'5 


63-84 


69-50 


10-91 


15-67 


163-33 




222-60 


246-67 


0-76 


0-00 


^^^^Vis 


380 


440 


6209 


74-83 


1347 


5-0 


80-0 




167 








^^^^^HS19 


SfiO 


41'2 


61-90 


68-40 


6-58 


9-70 


17789 


213-33 


181-43 


180-0 


O'O 


0-00 




t 3 


SCO 


39-3 


58-60 


7O80 


16-40 


20-30 


2il-0 


223 33 


1960 


230-0 


0-0 


0-00 




»12J 


17-0 


43'0 


62-70 


67-60 


0-40 


— 


— 


— 


— 


— 


— 


— 


^^^P' 


1 5 


360 


440 


5693 


66-33 


8-91 


I5'0 


— 


_ 


1450 


_ 


2'36 


0-00 


^^^Pll 


i 13 


420 


49'e 


6411 


67-50 


8 63 








129-60 


1400 


306 


ooo 


^^^Bl9 


a 9 


430 






66-76 


6-18 


1133 






207 


260-0 


1-16 


0-00 


^^^K7 >3 




400 


480 


70-98 


82-33 


20-09 


24-70 


33()'0 




297-0 


3600 


6-31 


4-33 


^^H*« 


1 


400 


450 


63-60 


56'60 


12-20 


17-70 


6600 


6000 


34a-o 


320-0 


2-48 


2-33 


^Hf' * 


13 


36-0 


460 


5903 


6908 


638 


7-33 










OBO 


0-00 




!'3 


I 2 


400 


46'6 


56-96 


60-0 


7-73 


9-33 






126-0 


140-0 


00 


000 




a 6 


400 


435 


53-48 


57-76 


481 


3-0 


181-25 


181-67 


83-26 


84-33 


1-50 


1-60 




1 It 


n 1 


380 


41'0| 


IWh,63 16 
llih,48-B; 


68-76 


1118 
90 


12-67 


76-67 


94-33 


66-89 
58-0 


640 


18 


0-00 
000 




3 laj 




500 


60-8 


62-66 


66-63 


6-0 


17'83 


161-67 


1660 


183-0 




00 


0-00 


in 


6 10 


2 4 


48-0 


480 


62-64 


63'6S 


7-64 


7-0 


331-0 




3480 


2000 


0-0 


000 


V s 


7 2, 

S 13| 


t 1 


64 


62-2 


70 16 


78-26 


1710 


8166 


4660 


4560 


196-25 


1900 


0-46 


000 


H 3 


3 


6i-n 


63-0 


680 


77-50 


13-73 


18-0 






105-0 


1200 


0-0 


0-00 


p* 13 


* lej 


) 12 


48'0 


61-2 


65-43 


n-50 


10-49 


190 


368-0 




1600 




2-38 


000 


"I* IB 


IIB 


5 esj 


55 


63-27 


67-7(1 


1-48 






_ 


101-0 


960 


1-33 


0-00 
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TESTS OF GRATES A^D STOVES, 



INVESTIGATION OF THE RESULTS OF THE TESTS. 

PREVENTION OF SMOKE. 

When it is considered that the primary conditions for the complete combiisfion of 
fuel and the prevention of smoke are, that the combiiatible gases ahould be intimately 
mixed with air, and that the mixture should be effected and maintained at a high 
t«mperature, it may be expected that such grates and stoves as present the most 
fevourable disposition in fulfilment of these conditions should be the most effective for 
the prevention of smoke. The averaged smoke-shades of the several classes of grates 
and of close stoves burning Wallaend coal are here arranged in the order of the intensity 
of 8 moke -shade. 

Class S ....... . 3'23 averaffe smoke-shade 

„ 1 3-01 

„ 3 2-82 „ „ 

„ 6 273 „ „ 



Here, it appears that Classes 1 and 2, taken together, are the least effective for tbe 
prevention of smoke. These are the grates which have direct upward draught ; and of 
these two Classes, it appears that the grates of Class 2, having solid 6oors, are less effective 
than those of Class 1, which have an open grid for the admission of air below. Tiie close 
stoves of Class 6 are clearly more effective than any class of open grates, for prevention of 
smoke. In these stoves, the supply of air for combustion is strictly regulated, and is forcibly 
mixed with the hot gases. The effectiveness of such conditions is strikingly rendered by 
Mr. CroBthwait*, in tbe Armstead stove fitted with Gregory's feeder. The intennediate 
classes appear to be intermediately effective ; and evidently, of these, Class 4 is the most 
effective, where the fresh fuel is very gradually distilled, and the smoke-making gases 
very gradually consumed. In the two other intermediate classes, 3 and 5, the ga«r-6 
from the fresh fuel are drawn upwards or downwards through the incandesciint fuel ; and 
though no doubt they are raised to and maintained at a temperature sufficient for com- 
bnstioD, the supply of air is not sufficiently intermixed with the gases to complete 
the combustion. 

These deductions are confirmed by the results of the chemical tests of the gasea of 
combustion in tbe chimney, conducted by Professor W. Chandler Roberta, F.R.S. 



TExMPERATURE OK THE ROOM. 

Equal in importance to the prevention of smoke, is the degree of ele^-ation of 
temi>erature in the room, effected by tbe combustion of fuel in grates and stoves. The 
following comparative statement (Table IV.) exhibits, in the seventh column, the avemge 
rise of temperature effected per pound of Wallsend coal consumed per hour, which is a 
measure of the comparative efficiency of the classes of grates and of stoves. The tem- 
peratm^ at the six-feet level is taken as the standard rise of temperature in tJie room. 
In the sixth column, is the excess of the average temperature maintained during the 
test above the initial temperature of the room — the temperature at the commencement 
of the test. This is preferable, as a datum, to the external temperature given in the 
third column ; for it is obvious, on a cursory inspection of Table 11,, that the external 
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temperature exercises much less influence in determining the temperature that is main- 
tained in the room, than the initial temperature within the room, which is a measure 
of the heat lodged in the walls, floor, and ceiling. In the averages for Class 6, the ezcep* 
tional instances, Nos. 96, 98, 99, and 124, have not been included, and in the alternative 
line of averages given for Class 6, the specially large and important stove of Mr. Gregory, 
No. 95, is not included. In calculating the average equivalent rise of temperatures, 
column 6, the observed average elevations of temperature in the case of tests conducted 
in room No. 5, which was twice as capacious as the smaller rooms, were augmented by one- 
half of their values respectively to supply the equivalent elevation of temperature that 
would have been attained supposing that the test had been conducted in one of the 
smaller rooms. The results of tests in No. 6 room are thus placed, for direct com- 
parison, on the footing of tests conducted in the smaller rooms. The rise of temperature 
per pound of coal consumed per hour, column 7, is the direct average of the several 
quotients calculated for each test for each class. 

Table IV.— RISE OF TEMPERATURE IN THE ROOM. 



Clam 

1 


Average weight 

of cool consumed 

per hour 

(Wallaend) 

2 


Ayeraga exter- 
nal temperature 

3 


Average initial 

temperature in 

the room 

4 


Average tempe- 
rature actually 
maintained at a 
height of 6 feet 


Average equivalent rise of 
teiiiperatore 


Total 
6 


Per lb. of 
coal per hour 

7 


No. 1 • • • 
2 . . . 
8 • • • 

4 . . . 

5 • • • 


4-32 
3-87 
291 
872 
4-04 


deg. P. 

42-3 
41-9 
87-6 
89-8 
89-2 


deg. P. 

47-2 
471 
450 
4S-2 
48-3 


deg. P. 

68-3 
660 
64-7 
68-6 
60-4 


deg. P. 

11-67 
964 
10-39 
10-37 
1210 


deg. P. 

2-88 
2-99 
3-81 
8-06 
8-38 


Averages Nos. 1 

to 5 . 
No. 6 
yf 6 (not induding 

0. B. Gregory^ 

stove) 


8-65 
6-70 

887 


400 
45*8 

c 

45-7 


47-2 
49-2 

49-8 


67-4 
67-9 

66-4 


10 83 
21-66 

17-74 


3-22 
4-14 

4.48 



Place the classes in order of the heating eflBciency, as represented in column 7 of 
the table, as follows, beginning with the class of lowest efficiency : — 



Class 1 






. 2-88 


degrees 


F. 


rise 


of 


temperature per lb. of coal 


n 2 






. 2-99 




i> 










„ 4 






. 3-06 




If 










„ 6 






. 8-38 




tt 










„ 8 






. 3-81 




w 










n 6 






. 4-48 




n 











From this statement, it appears that ordinary open-burning fires, having bottom grids 
(Class 1) or solid floors (Class 2), are the least effective for warming the room relatively 
to the quantity of coal consumed per hour. Next in order are open fires feeding at the 
sides or the back, or firom hoppers (Class 4). Then come the grates of Class 5, having 
a downward or a horizontal draught, and lastly, as the most efficient of the open grates, 
those which are under-fed, with an upward through draught ( Class 3) — one-third better 
than those of Class 1. 

It may be inferred that open grates (Classes Sand 5) constructed on the principle of 
drawing the combustible gases through the incandescent fuel, are the most efficient ; 
and that) of these, the best are those (Class 3) which supply the fresh fuel below the fire, 
and cause the combustible gases to rise upwards through it. 
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The close stoves (Class 6) are clearly more efficient per pound of coal for rsiaing tie 
temperature of the room than the open grates : being one-third better than the average 
of these, and one-HJxth better than the best of these. 

The under-fed open grates (Class 3) are the only grates which are capable of con- 
tinuously exposing a bright and open surface, unchecked by the presence of fresh coal, 
as well as of smoke, and unobstructed by special applianr^s ; and it is probable that the 
apparent excellence of the grates of Class 3 amongst other open grates la veiy much 
attributable to their distinctive characteriatic. 

A general correspondence may be observed between the smoke-shades, page 70, 
and the efficiencies, as marked by the rise of temperature in column 7 of the foregoing 
table : the efficiencies increasing as the smoke-shades are reduced. They are here 
placed in parallel columns for compariaon : the order'for smoke-shades being followed. 

Table ^^— SMUKE-SHADES AND TEMPERATURES— WALLSENB COAL. 



Clu> 


-■XT'- 


t^^m.frj'^Tb 










S'23 




1 


301 


3-68 


3 


2'83 


3-81 


& 


2-73 


338 


4 


26a 




6 


211 


4-48 



Here the efBciency increases generally as the smoke-shade is diudnisbed. If Classes 
3 and 4, which comprise very few tests, be omitted for the moment, the remainiDg classes, 
2 and 1 (taken together), 5, and 6, will range in due order, for rise of teraperature, » 
that the efficiency of the moat numerously represented classes varies inversely with 
the smoke-shade : that is to say, inversely with the imperfectness of combustion a* 
expressed by amoke-shade. 



RADIATING POWER. 

The differences of temperature indicated on thermometers facing the fire, and others 
back to back with these, afford a measure of the power of nidiating heat. The single 
vertical line of tbennometers employed for the tests, although to some extent oseiii], 
was certainly not exhaustive ; and did not suffice to indicate proportionally the whole of 
the heat that waa radiated from the fire. Besides the heat rjjliated directly in front of the 
fire, much heat was in many instances radiated obliquely into the room, from the fianks 
of the fire-place, which did not necessarily bear any general relation to the frunt radiation. 

The force of radiation, as observed, is, therefore, not to be taken as a measure of the 
whole quantity of heat that was radiated into the room. Nevertheless, a few useful 
dednctions may be based upon the resiilts of the observations, which are summarised for 
the testa made with Wallsend coal in the following table. The results of obBcrvatioiu 
for radiation taken at the three different levels already stated, page 46, have been averaged 
for each test, and the averages of these are placed in tbe table. The averages, for (bre« 
different levels, it may be noted, are distinguished from those given in the large tables, 
inasmuch as these arc given only for one level, at five feet above the floor. 

It appears that the total average radiations from the several cJasses of open gates 
(oolumn 5) vary generally in correspondence with the total average elevation of tempera- 
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tore (column 3). So also do the radiations and temperatures per pound of coal consumed 
per hour, though there are irregularities which are due to the varying circumstances of 
fire-places. But there is clearly a greater degree of radiation from the open grates, taken 
together, than frx>m the close stoves : unobstructed front radiation from the grated 
in contrast with diffused radiation of heat transmitted through close stoves. From 

Table VL— RADIATION OF HEAT FROM GRATES AND STOVES— 

WALLSEND COAL. 



ClMB 
1 


Average weight of 

coal consumed per 

hour (Wallaend) 

2 


Arenife eqnlTalent rise of temperatnre 


Arenge measure of radiation 


Total 
8 


Per lb. of coal 
per hour 

4 


Total 
5 


Per lb. of coal 
per hoar 

6 


Ko. 

1 

2 
8 
4 
6 


Ibe. 

4-32 
8-87 
2-91 
8-72 
4-04 


dog. P. 

11-67 
9-64 
10-39 
10-37 
12-10 


deg. F. 

2-88 
2-99 
3-81 
3-06 
8-38 


deg. P. 

13-62 
12-92 
10-40 
10-64 
13-90 


deg. F. 

8-68 
4-07 
8-61 
8-14 
8-70 


Averages Nos. 1 

to 6 . 
No. 6 . 

„ 6 (not indud- 
ing C. B. Gre- 


8-66 
6-79 

3-87 


10-88 
21-66 

17-74 


3-22 
4-14 

4-48 


12-47 

7-97 

7-64 


8-62 
1-66 

1-79 



these, standing clear of the walls, heat was radiated in every direction. The contrast 
in this respect is the more notable as the rise of temperature was decidedly greater with 
the close stoves than with the open grates. 

The relation between the smoke-shades and the observed radiations of heat may be 
gathered from the following parallel columns : — 

Table VH.— SMOKE-SHADES AND RADIATIONS- WALLSEND COAL. 



Class 


Ayerage smoke- 
shade 


AyeragK measure 

of radiation per lb. 

of coal 


2 

1 
8 
6 
4 
6 


8-28 
3-01 
2-82 
2-73 
2-66 
2-11 


deg. P. 

4-07 
3-68 
8-61 
8-70 
8-14 
1-79 



GRATES AND STOVES BURNING ANTHRACITE. 

Open grates in Qasses 1, 4, and 5, burning anthracite, were tested ; also close stoves, 
Class 6. The results of 27 tests of grates and stoves in raising the temperature of the 
rooms, and in radiation, are given in Table VIII. The averages per pound of ftiel, in 
columns 3 and 5, have been struck directly from the quotients derived for the several tests. 

L 
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Table Vm.— RISE OF TEMPEEATURE AND RADIATION OF HEAT, WITH 

ANTHRACITE. 



OllM 

1 


Ayerage weight of 

anthracite oonsamed 

per hour 

2 


Average equivalent rise of tamperatare 


▲Tvrage meaaora of radlatftoB 


Total 
8 


Ferlb. of ooal 
per hoar 

4 


Total 
6 


Perth, of ooal 
per hoar 

6 


Ko. 

1 
4 
6 


Iba. 
2-93 
4-00 
8-62 


deg. F. 

7-68 

9-97 

10-19 


deg. F. 

2-97 
2-60 
8-27 


deg.F. 

8-58 
10-83 
12-46 


des.F. 

2-64 
2-71 
4-22 


Averages Noe. 1, 

4, 6 • 
No. 6 . 


8-48 
412 


8-97 
18-38 


2-91 
6-61 


10-62 
7-96 


819 
2-87 



Of the three classes of open grates, and the close stoves, tested with anthracite, the 
efficiency in raising the temperature is here brought into comparison with the same 
classes tested with Wallsend coal : — 

Table IX.— ANTHBACITE verms WALLSEND COAL— TEMPERATUBE. 



ClaM 


Rise per lb. of 
anthracite per hour 


Blse per lb. of 
Wallsend per hour 


1 

4 
5 


deg.F. 

2-97 
2-50 
8-27 


deg.F. 

2-88 
805 
8-38 


Average of 
claeses 1, 4, 
6 . . 

Do. 6 . 


2-91 
6-61 


800 
4-48 



The average of the three classes of open grates, 1 , 4, and 5 is nearly the same for 
anthracite and Wallsend. But the anthracite has the advantage for ordinary open gntei 
inQass 1. In close stoves, Class 6, on the contrary, anthracite is clearly more efficient 
than Wallsend coal ; and with anthracite, as with Wallsend coal, the close stoves are 
clearly more efficient than the open grates. 

Compare now the measures of radiating force for anthracite and Wallsend coaL 

Table X.— ANTHRACITE versus WALLSEND COAL— RADIATION. 



Claas 


Radiation per lb. of 
anthracite per hoar 


Radiation per lb. of 
Wallsend coal per 
hour 


1 
4 
6 


deg. F. 

2-64 
2-71 
4-22 


dog. F. 

3-68 

314 

3-70 


Average of 1, 

4, and 5 
Do. 6 . 


319 
2-37 


3-47 
1-79 



The radiating force attains a maximum in Class 5 of open grates, with downward or 
backward draught, for both kinds of fuel, and their force is the greater for anthracite, in 
Class 5, as well as in Class 6. 
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DIFFERENCES OF TEMPERATURE IN THE ROOM. 

The dispositions for observing temperature at several points in the room simul- 
taneously, afforded a means of ascertaining to what extent the temperature was varied by 
local conditions. Taking the results of 24 tests for the open grates of Class 1 ; and of 23 
tests for close stoves. Class 6, in which neither C. B. Gregory's special test, nor the four 
long-period tests are included, the averaged temperatures at each of the four walls, at a 
level of 6 feet above the floor, were as follows (Table XI.), The grates and the stoves are 
here subdivided into such as have special air-heating contrivances, and such as are 
without them. 

Table XI.— TEMPERATURE AT A LEVEL SIX FEET ABOVE THE FLOOR. 



Wall of room 


North 


South 


Bast 


West 


ATersges 


GzoflB averaged temperatures: — 

Class 1. Air-heating and ventilation . 
„ Non-air-heating . 

Means • • • • 

Clafis 6. Air-heating and ventilating . 
„ Non-air-heating . 

Means . • • . 


deg.F. 

68-8 
66-9 


deg. F. 

68-3 
680 


deg.F. 

66-6 
66-6 


deg.F. 

661 
63-8 


deg.F. 

67-6 
661 


67-9 


58-2 


661 


66-0 


66-8 


61-2 
65-7 


60-0 
641 


69-1 
63-0 


68-7 
63-6 


69-8 
64*1 


63-6 


62-1 


611 


611 


62-0 



The temperatures at the walls do not differ by more than 3^ F. as between one wall 
and another, for the open grates of Class 1 ; and for the close stoves. Class 6, not more 
than 2^^ F. The lowest temperatures are at the west walls, at which the grates and stoves 
were fixed. Naturally, the west^walls were the least of all exposed to the heat directly 
radiated from the grate or the stove. 

There is no apparent difference in the degree of equalisation of temperatures between 
the air-heating and the non-air-heating grates and stoves. That is to say, the diffusion 
of heat appears to be as well effected by ordinary circulation of air in the room as by the 
employment of special means of inducing circulation and ventilation. 

Turning to the variations of temperature in the room for various levels, the differences 
are very marked. In the following Table (XII.) the results of 109 tests are comprised, 
divided into air-heating and ventilating grates and stoves, and those which are non- 
heating. 

By this evidence, it is shown that, heated with open grates, the uppermost part of 
the room is much warmer — ^by as much as 9** in most instances — than the lowermost 
parts, and that close stoves give rise to even larger differences. It is also proved that the 
employment of means of introducing warmed air into the apartment, and of ventilating 
it, is not at all influential for reducing inequalities of temperature at different levels. 
It appears, on the contrary, to augment the actual difference that arises when no special 
ventilating and warming contrivances are provided. Thus, the differences of tempera- 
ture for levels of 6 inches and 14 feet, are 7** and 6*'"5 respectively, with and without such 
contrivances, for open grates; and for close stoves they are 11^*5 in one case and only 
8** in the other. 

It may be stated at the same time that the results of observations made on the per- 
formance (No. 28, in Table II.) of Mr. Griffin's open grate, with warming and ventilating 
appliances, in a private room at 27 Cadogan Square, showeid a remarkable degree of 

l2 
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uniformity. The differeDce of temperature at the four aides of the room, which was 25 feet 
long, 18 feet wide, and 13 j feet high, seldom exceeded 2° K. ; nor did the temperature 
at the ceiling exceed by more than Z'F. those observed at a level of 4i feet above 
the floor. 

Table X I L— TEMPERATURE OF ROOMS AT DIFFERENT LEVELS. 



C1.M 


AW-llKimO ASU V«NT1LATIMQ OlUTlb AKD 


K...^„ 


UTDCO GaATHI *«Q BTOTW 


TcnptnitorM at 


Uie loUoirLug lereli ibova the floor 


T««^t^.t 


UiB foUotrlDg Innd 


• ■]io«Ui«a«r 




B Ini'hei 


= ,e.t 


i.f«t 


«tod,« 


«f«t 


UfHt 


No. 


def:. F. 


d^.P. 


d»B. f. 


d-g.F. 


<lw.F. 


df«.F. 


1 


641 


59'3 


634 


53-0 






2 


b-2-Q 


68-5 


fi29 


52-7 


561 


67-7 


3 


49-9 


54-6 


68-3 








4 


61-0 


56-1 


C81 


640 


60-0 


83a 


6 


ea-2 


61-7 


65-4 


Sa-4 


56-6 


69-4 


AverBges of 














K.^ 


caa 


57-0 


5fl-6 


630 


66-9 


69-S 


No. e . 


50-8 


57 2 


62-4 


630 


ea-s 


71-0 



AWe to Tail*. — The diHerenees uf temjienttures for Clsm i, bavin); Bir-wanning contrivsncea, are oicep- 
tiimally smtll -, but the temperatureG were averaged from the resulu of two teata onlj. 



RISE OF TEMPERATURE AND ECONOMY OF FUEL AS AFFECTED BY 
AIR-HEATING AND VENTILATING APPLIANCES. 

In the Table XL, the different average temperaturea attained with air-heating 
and ventilating apjitiancea, and without them, suggest a reference to the respective 
elevations of temperature, relative to the quantity of fuel consumed. The Table 
{XIII. ) following, gives the average rise of temperature and radiation per pound of 
fuel consumed \>ei hour, with air-beating applianceB, and the same piurticulara without 
them, for each class of grates and stoves. The smoke-shades are added. 

The influences indicated in this Table are mixed. The total averages of all cUssea 
show that Wallsend coal is used with greater economy without than with air-heating 
appliances ; and that, on the contrary, anthracite is used with tlie greater ecooomy 
with air-heating appiiancew. These contrasts are strongly marked in the results fw 
close stoves, Class 6; whilst, for anthracite, the relative economy of air-heating appliances 
is visible for every class of open giates in whiuh it is used. For Wallsend coal, the 
several classes of opeu grates show results alternately in favour of heating appllaooM 
and against them. 

It may be concluded that the evidence is not decidedly for or against the use of 
air-heating appliances, in burning Wallsend coal, except in the case of the comparatirely 
wasteful o[icn grates of Class 1, with which such appliances are clearly conducive to 
economy ; and in the case of the close stoves. Class 6, for which it does not appear that 
air-heating appliances, in burning Wallsend coal, are economical. In bumisg 
anthracite, it is evident that the employment of air-heating appliances in close stoves, 
Class 6, is economical to a contiiderable degree. 

The radiating power, indicated incolumns 6 and 7 of the Table, is materially greater 
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in the absence of air-heating appliances than when they are present : — for anthracite in 
every class ; for Wallsend coal in every class except Class 5, open grates, having a 
downward or a backward draught, and excepting Class 6, close stoves. 

Table XIIL— EISE OF TEMPERATUEES AND RADIATIONS WITH 
AIR-HEATING AND VENTILATION, AND WITHOUT THEAL 



ClaM and ooodiiion 

1 


Number of testa 


▲yerage rise of tern pe- 
ratnre per lb. per hour 


Average radiation per 
lb. per hour 


Arerage 
smoke- 
shade for 
Wallaend 
cool 

8 


Wallaend 
2 


Anthracite 
8 


Wallaend 

4 


Anthraoile 
6 


WaUaend 
6 


Anthraoite 
7 


Clafls 1. Air-heating 
„ I^on-air-heating 

TotAlfl . 


9 
10 


1 
4 


deg. F. 

8-37 
2-46 


d^.F. 

8-24 

2-90 


deg. F. 

2-88 
4-21 


deg. F. 

1-69 
4-99 


8-22 
2-78 


19 


6 


2-88 


2-97 


8-68 


4-81 


801 


Class 2. AiT^heating 
„ Non-air-heatiiig 

Totals . 


2 
10 


None 
None 


2-81 
8-02 


— 


8-98 
409 


— 


411 
809 


12 


None 


2-99 


— 


4-07 


— 


8-28 


Class 8. Non-air-heating 


6 


None 


8-81 


— 


8-61 


— 


2-82 


Class 4. Air-heating 

„ Kon-air-heating , 

Totals . 


2 
4 


1 
1 


2-41 
8-87 


801 
1-98 


2-42 
8-60 


244 
2-98 


2-28 

2-88 


6 


2 


8-06 


2-60 


814 


2-71 


2-66 


Glass 6. Air-heating 

„ Non-air-heating • 

Totals . 


11 
7 


8 
4 


8-45 
8-28 


8-77 
2-89 


400 
8-22 


8-61 
4-76 


2-29 
8-21 


18 


7 


8-38 


8-27 


8-70 


4-22 


2-78 


Class 6. Air-heating 
„ Mon-air-heating 

Totals . 
Total, not including C. B. Qregorj 


2 

8 


4 
9 


8-79 
4-28 


7-79 
4-64 


1-78 
1-64 


2-82 
2-89 


1-68 
2-26 


10 


18 


414 
4-48 


6-61 


1-66 


2-87 


211 


Total averages of all classes : — 
Air-heating . • 
Non-air-heating 


26 
44 


9 
18 


817 
8-86 


4*45 
810 


800 
8-38 


2-46 
8-78 


289 
2-82 



DRAUGHT AND TEMPERATURE IN THE CHIMNEY. 

The velocity of the draught in the chimney, in conjunction with the temperature 
of the ascending air-current, supplies a means of measuring the quantity of gaseous 
products and air in mixture, together with the quantity of heat which passes up the 
chimney. In the subjoined Table (XIV.) are given averages of a number of tests for each 
class of open grate and fox close stoves. 

Here, the average temperatures of the ascending currents from the open grates 
(Classes 1 to 5) and those from the close stoves (Class 6) are nearly ^qual — say 200** ; 
but the upward velocity, column 3, is fully one-third greater for the open grates than 
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for tte Htovea. Proportionally, the volumes of the mixed products, columns 5 and 6, an? 
in the same ratio, and it apijears that, in round numbere, the volumes, reduced for the 
temperature 62°, are respectively 7,500 cubic feet and 5,500 cubic feet per hour. 

Table XIV—DRAUGHT AND TEMPERATURE IN THE CHIMNEY. 











Tolnm^otg™ 


.I>»dotU» 














Clui 


«8»god 


VelodtrofclniUBlit 


■^^E^^*" 






















1 


S 


3 




S 


a 




MtM 






<»>blc )«■ 




1 


23 


427 




10,(180 


8,263 


2 


14 


356 


181 


8,900 


7,260 


3 


5 


351 


188 


e.77fi 


7fin 


4 


7 


407 


204 


10,175 


8,003 


6 


20 


ail 


196 


8,5:J5 


6,786 


Ayerafte for open grates 


U 


876 


197 


9,400 


7,471 












6,443 



The quantities of fuel consumed per hour, relative to the volumes of the upward 
currents, being divided into the volumes respectively, the quotients are the volumes of 
mixed current ascending the clilmney, per pound of fuel consumed j as in the following 
Table (XV,). Column 5 ia added to show the respective efficiencies of the classes. 

Table XV.— VOLUME OF DRAUGHT IN THE CHIMNEY PER POUND 
OF COAL. 









chiinne; pu lb. 


ATtnortaBf 






















per hoar 




1 


a 


a 


4 


5 




cubic fKt 


Ibj 


ouhlo mt 


dtr-r. 


1 


e.a63 


4-34 


1,904 




•2 


7,250 


3'20 


2,266 


3-18 


3 


7,071 


2-90 


2,440 


8-81 


4 


8,002 


3-75 


2.134 


3-05 


6 


8,786 


S62 


1,876 


338 


Average* of ClMsea 1 












7,471 


S-66 


2.099 




No.6 . . . . 


6,443 


4-70 




4'48 



The contrast between the quantities of gases passed up the chimney from open 
grates (Classes 1 to 5) and from close stoves (Class 6) is here very strongly put in evidence. 
It is shown that whilst, in round numbers, the open grates pass up 2,100 cubic feet per 
pound of fuel consumed, the close stoves pass up only 1,160 cubic feet, or about half 
the quantity rising from the open grates. It it. easily understood, therefore — what i* 
well known in ordinary experience — that ventilation is more abundantly e9ect«d by 
means of open grates than by close stoves. 

It is to he remarked, further, that the grates (Class 3, under-fed) which pass op the 
tnaxiinum quantity of gaseous mixture per pound of coal consumed — 2,440 cubic feet — 
are precisely those which develop the maximum efficiency, 3*81 degrees rise of tempeFatore 
per pound of cool, notwithstanding that the combustion is not generally of the most 
nearly complete character. 

And it is still more notable that the open gratis of Class 5, having a downward w a 
backward direct draught, and having the mioimum quantity of mixed current ap th» 
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chimney — 1,875 cubic feet per pound of fuel — rank next in efficiency to those, Class 3, 
which dispose of the maximum current. They raise the temperature 3'38 degrees per 
pound of fuel burnt per hour. 

Thus, finally, the two claesea which agree in directing the draught through the 
incandescent fuel — upwards in Class 3, and contrariwise in Class 5 — and which differ in 
beiugassociated with the maximum and the minimum draughts respectively, are precisely 
those which together exhibit the maximum efficiencies for open grates. Herein lies the 
germ of a problem which awaits solution. 



DILUTION OF THE GASEOUS CURRENT IN THE CHIMNEY. 

Supposing that the fuel is perfectly burned, it may, for the present purpose, be 
assumed that 1 50 cubic feet of air at 62° is consumed in burning one pound of fuel, and 
that the gaseous products of combustion evolved occupy equal volumes at equal tempe- 
ratures. But inasmuch as an average of 2,100 cubic feet of upward current passes off, 
for each pound of fuel consumed in open grates, it follows that the direct chemical pro- 
ducts of combustion are diluted to the extent of 14 volumes; that is, that the direct 
chemical products are mixed with thirteen times their volume of air. For close stoves, 
having currents of 1,160 cubic feet at 62° per pound of coal, the dilution with air is 
carried to the extent of about eight times the volume of gases chemically evolved; that 
is, these gases are mixed with seven times their volume of air. 



General Composition of the Curhent, 

Oawoui produeu i.tin«pli«r<c ili 

Oron gr&tM . . . One-ftjurteBnth, or 7 per cent fl<1 per ceut. 

Clo8« Btovea . ■ . One-eighth, or 13^ per cent. 87} per cent 

The qaettion arises, how much heat is carried off by the currents up the chimney? 



HEAT CARRIED UP THE CHIMNEY. 

The quantity of heat carried up the chimney, usually reckoned, for the most part, as 
waited heat, is readily calculated in terms of the volume and the specific heat of the 
current, and the rise of temperature. Since the current consists, as has just been seen, 
for by far the greater part, of atmospheric air, its specific heat may be taken as that of air, 
namely, 0'238. Their specific gravities may also be taken as equal. Calculating for open 
grates, as 1 lb. of air at 62° F. has a volume of 13 cubic feet, the weight of 2,100 cubic 
feet passed off for 1 lb. of coal is (2,100-i-13 = ) 161 lbs., and the quantity of heat 
carried off per pound of coal is (161 x 0-238= ) 38-3 units for 1° rise of temperature. 
But the average temperature of the escaping current was seen to be 1 97° ; and, deducting 
the external temperature, 40°, given in column 3 of Table, the rise of temperature was 
(197—40 = ) 157 degrees. The total quantity of heat of combustion carried off was, on 
this basis (38-3 units x 157= ), 6,013 units for each pound of coal. The heat of com- 
bustion of coal of average composition, which may for the present be adopted, is equal to 
14,000 units, and it follows that the wasted heat carried up the chimney is (6,013 x 100 
-h14,000=) 43 percent, of the total heat of combustion. 

From close stoves, the quantity of air passed off by the chimney is 1,160 cubic feet for 
1 lb. of coal, weighing (1,1 60-;- 13=) 89 lbs. ; and the heat required to raise this weight 
of Bir 1° in temperature is (89 x -238 = ) 21 units. The average temperature in the 
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ehimoey was 200", and deducting the external temperature, which averaged 42°, the 
rue of tein]»erature was 15S°. The quantity of heat carried off was (21 units x 158=) 
8^18 units for ea:cli pound of coal, equivalent to (3,318 x 100-=- 1,400=) 24 per ceQI.of 
the total heat of combustion. 

The proportion of the total heat of combustion exported through the chimney, thus 
caJcalttt«<J, in 

For iRien grat«a ... 43 per cent, t 

For otoni) atoven ... 24 par ceut., c 



' upwards of two-fifths of the total li 

' Dtarlj oa»-tburth do. do, 



It iii here asKumed that the fuel is completely burned. In so far as the combaation 
is incomplete, the percentage proportions of exported heat must be greater than those 
abovo deduced. 



DISTRIBUTION OF THE HKAT OF COMBUSTIOy. 

Forty-three per cent, of the total heat of combustiou of coal — and coke and an- 
thracites maybe included — from open grates, baa beeu accounted for, as exported up the 
chimney ; and 24 per cent, from close stoves. The remaining 57 per cent, and 76 per cent, 
reniwctively, are diapeiBed by conduction through the back and sides of the grate, by 
air-convection at the heated surfaces of the grate, by radiation, and by a remainder due 
to incompluteness of combustion. Of these, the heat that is radiated from the open 
fire, or the close stove, constitutes the largest proportion. According to the results of 
M. P&Iet's exijeriments, one-fourth of the total heat of combustion of wood was radiated ; 
and one-half of that of charcoal ; flaming fuel in the first case, flameless in the second 
ciise. For the case of coal, it may be accepted that the proportion of heat radiated from 
the fuel varieB between these limits. 

To form, incidentally, an estimate of the proportion of heat absorbed in raising 
the temperature of the air in the room, let it be assumed that all the air which goes up 
the chimney is previously heated to the temperature of the room : — that is, taking aver- 
ages, that 2,100 cubic feet at 62°, per pound of coal, for open grates, and 1,160 cubic 
feet for close stoves, are raised from the temperature of the external atmosphere to 
the average temperature in the room. Such elevation of temperature would, awMid- 
ing to Table IV., page 71, have taken place from 40° to 57° for open grates, and from 46* 
to 66° for close stoves, or through 1 7° and 20° respectively. Following the lead of pre- 
vioun cnlcuhitions, the heat required to raise 2,100 cubic feet {at 62°), or 161 lb*., of 
air, through 17° would be (38-3 units x 17° = ) 651 units; and to raise 1,160 cnbic 
feet (at 62°), or 89 lbs., of air through 20°, the heat absorbed would be (21 unit* x 20°= > 
420 units. These quantities are resiiectively 4-65 per cent, and 3 per cent, of tbe whole 
heat of combustion of one pound of coal. These would be the percentages of the total 
heat utilised in raising the temperature of the air in tlie room, even supposing the whole 
of the air that enters and leaves the room to be continuously replaced by fresh air. 
Evidently, it is not in the direction of the simple warming of the air in the room, 
that the greatest consumption of heat is to be traced. 

The enclosing walls, floor, and roof of the rooms are, in fact, the principal absorbuits 
<)f heat. It may be assumed that they are, in the course of the trial, raised in ten 
tare to nearly, if not equal to, the maximum observed temperature of the air • 
tlic-m. How much heat is required to effect this rise of temperature? The 
testing rooms are 15 feet square, and 15 feet high to the top of the walls, making, 
tiie Soor of concrete, live squares of 15 feet each way, and having a total am of 
(15 foot X 15 feet X 5 =) 1,125 square feet. The walls and the loor are 6 inch«a 
in thickneEB, and have a solid content equal to (1,125x0-5 = ) 562^ cabio feet, not 
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allowing for the spaces occupied by doors and windows. These are amply compensated 
by the ceiling as absorbing material, which is not taken into the calculation. Besides, 
they transmit heat to the external air. Allowing 130 lbs. weight per cubic foot for the 
concrete of which the walls are built, the gross weight of material of wafls and floor to 
be warmed is (562^ x 130=) 73,125 lbs. The specific heat of concrete is, say, 0*21, and 
the quantity of heat required to raise the mass throughout by 1** of temperature would 
be (73,125 X "21 =) 15,356 units. The average total rise of temperatiure at the walls, 
deduced from the averages of the last hour (column 15 of the large Table III.), 
was for each class as follows (Table XVI.) : — 

Table XVI.— RISE OF TEMPERATURE AT THE WALLS. 



ClaaB 


A.verag«^ Initial 
temperature 


Arcrage maxi- 
mum tempera- 
ture at walls 


Maximnm rif>e 
of temperature 


No. 
1 

2 
3 
4 
5 

Ateragbb of Nos. 1 TO 6. 
6 


deg. P. 

47-2 
47-1 
450 
48-2 
48-3 


deg. F. 

61-7 
69-2 
68-2 
63-6 
64-8 


deg. F. 

14-6 
121 
13-2 
16-3 
16-6 


47-2 
49-8 


61-5 

68-8 


14-3 
190 



Showing a inaximum rise of temperature averaging for open grates, 14'3° (say 14°), 
imd for close stoves, 19**. The quantity of heat required to raise the temperature of the 
walls of the smaller rooms, through 14% would be (15,356 x 14= ) 214,984 units. But, 
considering that the wall is not uniformly heated through, and that the elevation of tem- 
perature at the outside surfece is a minimimi, take one-half of this quantity of heat, or 
107,492 units, as the actual expenditure. This allowance compensates also for the coinci- 
dence of testing in two neighbouring rooms at the same time, when the party- wall is heated 
from both sides. Dividing the reduced quantity of heat by 14,000 units, the heat of com- 
bustion of 1 lb. of coal, the quotient gives 7*68 lbs. of coal as that the combustion of which is 
necessary to heat up the walls, independently of what is consumed additionally in order 
to maintain the temperature against losses by radiation and conduction externally. As 
the duration of the trials averaged five hours, the estimate shows a consumption of coal 
at the rate of 1*54 lbs. per hour for the special work of heating up the walls of the 
smaller testing rooms for open grates. The consumption amounts, at this rate, to 42 per 
cent, of all the coal consumed in open grates. For close stoves, the maximum rise of 
temperature, 19% involved a consumption of (1*54 x 19-i-14=) 2*09 lbs. per hour, 
being 54 per cent, of all the coal consumed in close stoves. For the larger testing 
room, having double the capacity of the smaller rooms, the consumption of coal for the 
same purpose must be at least one-half more per degree of rise of temperature than what 
is required for the smaller rooms. But, the elevation of temperature in the larger 
room was considerably less than in the smaller rooms ; and therefore the same quantity 
of coal, 1*54 lbs. per hour, or 42 per cent., is now taken, for the larger room as for the 
smaller rooms, as that which is required to raise the walls to the maximum temperature 
for open grates ; and 2*09 lbs. per hour, or 54 per cent., for all the rooms, for close 
stoves. 

It may be concluded that the heat of combustion of the fuels consumed was dis- 
tributed in proportions generally as follows (Table XVII.). 

The third items of the distribution of the heat — the loss or waste of heat for open 
grates and close stoves — are very nearly in the same proportion to each other as the respec- 
tive elevations of temperature given in column 6 of Table IV., page 71, inasmuch as 

M 



82 



TESTS OF ORATES AND STOVES. 



whilst the elevations of temperature are in round numbers 11° and 18% the relative losses 
are 15 per cent, and 22 per cent. This is a natural relation, showing, as might have 
been anticipated, that the losses are greater as the elevations of temperatures are greater. 

Table XVII.— DISTRIBUTION OF THE HEAT OF COMBUSTION 

OF THE FUEL. 



TTeat CAirifMl \n> thft c^iTtinf^v , . . . ^ , , . . 


Open grates 


CknestcvTei 


percent. 

43 
42 

16 


percent. 
24 
64 

22 


Radiated and conducted heat absorbed by the walls 
Heat lost by radiation and conduction exteruallj, and heat lost 
Derfection of combustion ••••••. 


• • 

by im- 




100 


100 



INDIVIDUAL RESULTS OF TESTS OF GRATES AND STOVES. 

The tests of open grates and close stoves having been passed in general review in 
classes, they may be noticed individually. In the following Table (XVIIL), results of 
the testfl made in the testing houses at South Kensington with Wallsend coal and 
with anthracite, are arranged in the order of efficiency in heating or raising the 
temperature of the room, expressed in degrees of rise of temperature per pound 
of fiiel consumed per hour (column 3). The measm-es of radiation are added, in 
column 4, expressed in degrees per pound of fuel consumed per hour. The average 
smoke-shades are entered in column 5. The averages deduced in these Tables have been 
employed in the previous Tables. 
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Table XVIIL— INDrVTDUAL RESULTS OF TESTS. 



Class I. Open Chutes, having ordinary bottom grids and upward d/rav^kt. 



Ko.o< 




Areragerise 
of temperature 


Average radia> 


Arerage 


tart 


Sbdiibitor and grate 


per lb. of coal 
per hoar 


biou per ID. 

of ooal per hoar 

• 




1 


2 


3 


4 


5 




AiBrHBATiiro. — WdUsend Coal, 


deg. F. 


deg. F. 




10 


T. Potter & Sons. Thermhydric grate . 


616 


6-36 


3-60 


19 


A. B. Verrier. Comet grate 


4-69 


2-00 


3-66 


20 


Do. do. ..... 


304 


1-66 


2-76 


21 


Rosser & Russell. Firebrick lining, fluted 


3-85 


6-71 


1-92 


23 


Q. Haller & Co. Kohlhofer's hot'-air stove . 


3-73 


2-41 


3-00 


3 


The British Sanitary Company. Enclosed grate . 
Perceval and Westmacott. Parlour stove 


314 


1-64 


4-71 


11 


2-98 


2-98 


2-67 


26 


E. H. Shorland (G. L. Shorland*s patent). Man- 










chester grate, firebrick lining .... 


2-16 


1-77 


2-87 


6 


J, Wright & Co. Hygienic ventilating stove . 

Averages 

Anthracite, 


1-66 


1-46 


3-89 


3-37 


2-88 


3-22 








9 


J. Wright & Co. Hy^enic ventilating stove . 


3-24 


1-59 


— 




NoN-AiB-HEA.TiNe. — WalUend Coal. 








17 


W. P. Taylor. Perforated firebrick back 


312 


4-00 


2-62 


22 


Do. do. 


2-86 


5-42 


3-60 


15 


F. Nash. Back downward draught, to deposit soot . 


2-61 


313 


1-27 


16 


Do. do. 


2-70 


— 


2-69 


18 


The Ka^ator Ranffe Company. Projecting grate 
and combustion chamber 




# 






2-23 


3-39 


— 


25 


Do. do. 


2-87 


4-98 


s 


14 


W. Poore & Co. Triumph stove : firebrick lining, 










and blower 


2-40 


308 


411 


8 


M. Perret. Radiating fire-grate: firebrick lining 










and roof 


2-00 


3-82 


3-65 


1 


J. G. Gray. Sloping perforated back . 


1-90 


4-26 


2-79 


27 


A. C. £^gert. Solo grate: half-barrel formed 










grate, stoked behind 

Averages 

Anthracite, 


1-86 


2-91 


1-81 


2-45 


4-21 


2-78 








2 


Barnard, Bishop and Barnards. firebrick lining . 


4-90 


4-66 


•ii— 


7 


Perret. Radiating fire-grate : firebrick lining and 










roof 


2-74 


4-29 


— 


4 


Do. do. 


2-66 


611 


-— 


13 


W. Poore & Co. Triumph stove : firebrick lining 










and blower . . , * 

Averages • . 


1-42 


1-97 


— 


2-90 


4-99 


— 
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Table XVIII.— INDIVIDUAL RESULTS OF TESTS— (omewitted). 



Class II. Open Orates j having solid fioorsy adapted far slow cambuationj 

and upward draught. 



No. of 
test 



40 
37 



44 
39 
46 
33 
38 
41 

47 

50 
42 
43 
36 

34 

45 



Exhibitor and grate 



Aib-Hbatiwq.— WaU^end Coal 

Steel & Garland. Whamclifie grate 

Marshall, Watson & Moorwood. Harleston gprate . 

Averages 

Non-Ai»-Hbating.— TFaUsend Coal, 

J. B. Fetter. Nautilus grate 

Do. do. 

Barnard, Bishop & Barnards. Glow-fire 

Vo, do. 

Doulton & Go. Fire-place of firebrick slabs . 
F. Edwards & Son. Amott's grate: downward 

burning 

T. Mitchell. Gommon grate, with fireclay lining 

and floor 

Do. do. 

F. Edwards & Son. Downward-burning grate 

Do. do. 

The Derwent Foundry Gompany. Abbotsford 

grate 

Barnard, Blshon & Barnards. Bartlet grate 

(Wallsend coal and coke) 

Frost & Winfield. Fire-lumpe and baffle-roof 

Averages 



Average riae 

of temperature 

per lb. of coal 

per hoar 



deg. F. 

3-25 
2-37 



2-81 



4-12 
3-73 
400 
300 
3-78 

3-22 

8-56 
209 
309 
1-46 

307 

2-55 
1-56 



Average radia- 
tion per lb. of 
ooal per hoar 



deg. F. 

5-22 
2-64 



893 



302 



8-38 
3-50 
504 
6-44 
2-59 

2-48 

5-98 

P 
2-76 
3-07 

6-73 

P 
4-05 



409 



■moke-ahade 



8-86 
4-36 



411 



2-81 
8-89 
2-86 
8-77 
1-88 

810 

8-60 
2-40 
2-28 
8-00 

4-21 

8O0 
4-43 



8-09 



Class III. Open Grates^ under-fed : supplied with fresh fud hemeaXh the 

incandescent fuel. 



Naof 
Uot 


Exhibitor and grate 


Average ri.-*c 

of texn{M!rature 

pi'r lb. of ooal 

per hoar 


Average radia- 
tion per lb. of 
coal per hour 


Averafe 
smoke-shade 


56 
M 

67 

65 

68 


Non-Air-IIeatino. — iralUend Coal. 

W. S. Molville. Common prate, under-feeding shovel 

E. R. HollandB. Under-fed, movable prid 

E. II. Shorland (G. L. Shorland'tJ patent). Princess 

Ix)uise jrrate, undrr- feeding .shovel 
Brown i^' Green. Under-fed by a pusher 
Yates, Haywood & Co. Under-fed, movable {jrid . 

Averafre.*^ ....... 


deg. F. 

493 
41K) 

4-71 

2-86 
1 (56 


deg. F. 

3-50 
302 

4-68 
3-72 
2-64 


414 
2-52 

300 
2*12 
2-31 




:3-81 


301 


2-82 
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Table XVIII.— INDIVIDUAL RESULTS OF TESTS— (c<m«m«ei). 
Class IV. Open Qratea, fed from the hack, or from the sides, or frorr^ hoppers. 



No. Of 

test 


Exhibitor and grate 


Average rise 

of temperature 

per lb. of coal 

per hour 


Average radia- 
tion per lb. of 
coal per hour 


Average 
smoke-tOiade 


63 
61 

64 


AiR-H£ATiNe. — Wallsend Coal. 
J. M. Stanley. Hopper-fed : downward draught . 

Musgrave & Co. The Ulster grate : back hopper . 
Averages 

Anthracite. 
J. M. Stanley. Hopper-fed : downward dniught . 


deg. F. 

2-66 
216 


deg. F. 

1-81 
3-b2 


2-24 
2-22 


2-41 


2-42 


2-23 


301 


2-44 


— 


65 
60 
62 

67 
60 


Non-Aik-IIeating. — Walisend Coal, 
H. E. Hoole. Side hoppers, and reflector 

A. C. Engert. Coking box at back 

The Ooalbrookdale Company. Gassius grate : solid 
floor, back hopper 

Archibald Smith & Steven?. Wonderful grate: 
back hopper, downward draught 

Averages 

Anthracite. 

Archibald Smith & Stevens. Wonderful grate: 
back hopper, downward dra%'lit. 


6-33 

2-36 

2-34 
2-18 


606 
3-66 

2-81 

2-69 


2-56 
2-92 

1-76 

4-29 


3-37 


3-50 


2-88 


1-98 


2-98 


.—. 
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TESTS OF ORATES AND STOVES. 



Table XVIII.— INDIVIDUAL RESULTS OF TESTS— {amtinued). 
Class V. Open Grates, having downward, backward, or lateral d/raught. 



Xo.0* 

tMt 


Exhibitor and grate 


Average rise 

of tempoatore 

per lb. of coal 

per hour 


ATerage XBdla- 
tion per lb. of 
coal per hour 


▲Terage 
■inok»«hafde 




Aib-Heatino. — WalUend Coal, 


deg.F. 


deg.F. 




81 


Steel & Ghirland. Kenfiington grate: firebrick 
lining and floor; backward and lateral draught . 










4-58 


s-eo 


3-66 


75 


M. Feetham & Co. Hurst grate; backward and 










downward draught 


4-22 


4-53 


S^\ 


73 


Do. do. 


412 


701 


1-41 


80 


J. Moore. Backward and downward draught 


410 


3-89 


2-60 


86,87 


W. I. Henry. Reeye & Henry's Smoke-puri^rer. 
Filter-chamber, adapted to a hob-grate. Mean 


















of two 


8-92 


6-06 


1-68 


69 


Captain T. £. Clarke. Downward draught . 


8-60 


2-76 


1-76 


70 


Do. do. 


2-18 


3-24 


2-93 


70 


Yates, Haywood & Co. Iledmayne's grate: fire- 










brick lining and floor 


8-29 


3-55 


4-73 


91 


W. I. Henry. Reeve & Henry's Smoke -purify er. 










Filter-chamber, adapted to a register-grate . 
M. Feetham & Co. Dog-grate with lire-basket : 


816 


3-44 


0^1 


72 










backward and downward draught 


2-63 


3-71 


119 


71 


The Dorwent Foundry Co. Jobson's grate : fire- 










brick lining ; draught downwards and backwards 

Averages 

Anthracite. 


214 


3-25 


816 


3-45 


400 


2-29 








74 


M. Feetham & Co. Hurst grate .... 


5-03 


602 


.^ 


77 


Yates, Haywood & Co. Redmayne's grate . 


4-95 


4-21 


— 


84 


Steel & Garland. Kensington grate 

Averages 


1-32 


1-31 


^^ 


3-77 


3-61 






Non-Aik-Hbatino. — WaUsend Coal. 








88 


T. E. Parker. The Vencedor grate : firebrick lining 










and fioor ; downward and backward draught 


6-43 


2-79 


2-20 


89 


Do. do. 


4-70 


2-84 


237 


79 


Deane & Co. Crane's grate : firebrick lining, 










downward draught 


400 


609 


3-90 


92 


Do. do. 


2-22 


3-61 


4-45 


90 


J. Comfort h. Hollow fire-bars : backward draught 


300 


2-5C 


3-50 


82 


Clark, Bunnett k Co. Ingram'n Kaio-Kapnos grate: 










firebrick lining and fioor; backward draught 
W. Lawrence. Backward draught into a combus- 


204 


3-40 


8-31 


93 










tion chamber 

Averages 

Anthracite. 


1-69 


2-33 


272 


3-28 


3-22 


3-21 








68 


The (\>albroj)kdalo Co. The Kyrle frrnto. Rack ward 










draught at the bottom ; fireWick liuin«r and floor 


4-53 


7-78 


, — ' 


85 


Bn)wn & Green. Luton grate : firebrick lining, 






! 




sloped grid ; draught through back 


'l-^H 


4()3 


— 


78 


Deano «& Co. Crane's grate . . . 


2m 


4()7 


— ' 


83 


Chirk, Hunnett, •!v: Co, Ingram's grate . 

Averages ....... 


1 '')iy 


316 


\ 


^ 1 « ' 


4-70 
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Table XVIH.— INDmDUAL RESULTS OF TESTS— (am^mued). 

Class VI. Gloae Stoves. 



No. of 
teit 



97 
118 



123 
111 
114 
126 



Bzhibltor and stove 



Ain-HsATma. — Wallsend Coal, 

H. J. Newcome. Tubular air-warmer , 
J. T. Farwig & Co. Calorigen Btoye 



Averages 



Anthracite, 



F. Lonholdt. Anthracite stove 

W. Stobbs. Crystal ventilating stove . 

H. Hunt. Hygiene ventilating stove 

H. J. Piron. Hot-air stove and ventilator 



Averages 



Average rise of 
temperature per 
lb. of coal per 
hour 



deg. P. 

4-80 
2-77 



8-79 



11-61 

11-33 

5-00 

3-32 



7-79 



Average radiation 

per lb. of coal 

per boor 



deg. P. 

2-02 

1-58 



1.78 



2-44 
8-67 
2-36 
0-81 



2-82 



Average 
smokOidtLade 



2-00 
1-16 



1-58 



104 
106 



116 
ISO 
120 
127 
119 
96 
100 



102 
113 
107 
108 
109 
106 
110 
128 
103 



NoiT-AiR-HBATrNG. — WoUiend Coeil. 

Yates, Haywood & Co. Miser : two pillars . 
J. Comforth. Little Wonder (heating surface 
more than doubled by long smoke-pipe^ 9°-04 rise 
per lb. of coal, reduced to 6° per lb.) . 
Steel & Garland. Miser : four pillars . 
J. Dunnachie. Star heating stove .... 

Do. do.* 
R. W. Crosthwaite. Armstead-Gregory stove 
The Sunlight Stove Company. Sunlight stove 
C. B. Gregory. Smoke-burning furnace 
The Derwent Foundry Company. Jobson's gill 
stove 



Averages 



Anthracite, 



n. Hunt. Economy portable stove 
Do. Crown Jewel stove 

R, W. Crosthwaite. Armstead stove, No. 1 
Do. do. No. 2 

Do. do. No. 4 

Do. do. No. 3 

Do. do. No. 6 

Brown & Green. Albion stove 

H. Hunt. Economy : base burner . 



Averages 



6-80 



6-00 
6-16 
4-26 

3-76 

2-95 
2-48 

2-19 



4-23 



8-11 
6-66 
5-41 
4-42 
4-27 
3-23 
2-22 
4-16 
3-32 



4-64 



2-41 



2-98 
2-81 
0-72 

1-64 
1-76 
0-64 

0-24 



1-64 



2-78 
200 
2-80 
6-10 
2-61 
1-40 
1-42 
2-38 
100 



2-39 



4-48 



0-69 
2-36 
1-38 

0-46 
6-31 
0-00 

2-36 



2-25 



' Omitted here (very bad stoking). 
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Table XVIII.— INDIVIDUAL RESULTS OF TESTS-(crai»>»<^' 
Class VL Sloic-coTuhusti/tn teats for Umg periods. 



No. Of 


iMtintf 


ElhlhttCT 


T [ 
o! (.■« 


— 


Ri» of UuiiMn'tun 


lUdl* 


lrtd»y 


Sudd^ 


k™ 


I«rlb. 
pfo*l 


s 


B6 
88 

OS 
124 


8 
fi 
3 
5 


MuiwraTe St Co. 

B. J. Klinpenberff 

C. Port-way & Sons 
F. L6.ih.iiat 


24 

24 
23i 


Hoke, 2-22' 
Walleend coal, 2-31 
Ctike, 2'02 
Anthrscile, 111 


d.^g. F. 

isee 

10-80 
17-06 
12-16 


2-84 
12-7S 
11-83 
1643 


^"5 
11-77 
14-76 


5-09 
7-30 
13-41 


a-oo 

13-91 

n-18 



Four closo atoves wera tested for periods of upwardii of 20 hours continuouslj, maldtig tsoe. D6, 08, 
ni), ud 124 in Table No. ITT. The mean rise of tern pgrntii res, column 7, in taken oi relittive, not aWIute. 
The values forrias of temperature in tests Noo. 88 and 124, conducted in No. 5 room, are equivalent, valuM, 
Ixiing li times the oheerved values, in order to compare on equal footing, aa before explaiDcd, with Uie 
obaerred values in teste Nos. 06 aod 96, which were couduct«<i in & fmaller room. 



REMARKS ON THE FOREGOING TABLE. 

Class I. Air-Heatmi} and Ventilation : Wallsend Goal. — T. Potter & Son's 
Ihermhydric grate standa at the head of the list for efficiency, in virtue of the grcAt 
exitansion of radiating and air-warming aurfitco developed in the hot-water tubes to tlie 
right and the left of the fire-place, whilst excessive temperatiu-e of heated air iaobvint-ed. 
In A. B, Verrier's ' Comet ' grate, the draught is partly taken through the back, iat« > 
combustion-chamber, where heat is developed and carried off by the air discharged into 
the room, Rosser & Russell have developed to a great degree firebrick absorbing and 
radiating surface, in employing a fluted back with hollow sides. Hence their relatirely 
high degree of radiation and moderate smoke-shade. G. Haller & Co. have, in Kohl- 
hofer's hot-air stove, developed air-warming surface to an extreme degree. Hence the 
comparatively high degree of efficiency, and, incidentally, an inferior radiating power, 
consequent on the great expansion of the heating area. The British Sanitary ComiMiny 
have probably made the most of the principle of active radiation, in the isolated fire- 
basket, which radiates heat all around. But the smoke-shade is heavy. Perceval & Went- 
macott, in their Parlour Stove, ingeniously combine a cooking-oven placed directly over tbe 
fire. The taper form of the conduit pipes which lead the gaseous products from tJic fins 
by which the gases are drawn together, is likely to act in promoting combustion. The 
'Manchester' grate, exhibited by E. H, Shorland, ]>o»scaBed little radiating power, witJi a 
moderate rise of temperature ; and it was but moderately successful in preventing :<inokK. 
J. Wright it Co.'s Hygienic Ventilating Stove, with its iron back and coobng sorfaoes, 
did noi ap)>ear to be very active in efficiency or in radiation, nor effective in the preven- 
tion of smoke. 

Class I. Air-Jteitiinn : Anlkracite. — The only test nnder these conditions wm 
maile with J. Wright & Co.'s Hygienic Stove— a much better performance than that 
effected on the same grate bnming Wallsend coal. 

Class I. Non-Air-Heating: Walhtnd Coal. — W. P. Taylor, in cmplt^ing a 
gi11<Ml firwlay back in his first test and a firebrick b;ick in the eeconil test— made in bnlli 
cftsCB wilh i>erforatians and interstices for the intlux of air into the fire from the bock — 
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certainly made a bright and active fire, with considerable radiating power. The fire was 
supplied with external air introduced through a grating in the hearth. By this means, 
draughts firom the door and window were prevented. But the means of preventing 
smoke were not sufficient. Thomas Nash contrived, by conducting the hot products 
downwards behind the back of the grate, to develop radiating power ; but the soot- 
ooUecting box at the back did not appear to be of much service in controlling the 
smoke-shade. The Badiator Range Company's appliances, consisting of a preliminary 
combustion-chamber applied to the back of the grate within the fire-place, was eflfective 
for radiation. The tests were scarcely sufficient to settle the heating and smoke-pre- 
venting qualities. The * Triimiph ' stove of W. Poore & Co., firebrick lined, succeeded 
in radiating heat ; but the smoke-prevention was imperfect. The action of M. Ferret's 
radiating grate was based entirely on the radiating power of the firebrick, which, besides 
being employed as lining, was employed also to form a roof or reverberator — useful, no 
doubt, for burning anthracite, but not favourable for burning smoke-making coal, of 
which the smoke-making gases were rapidly separated by the reverberated heat from 
the tile overhead. J. G. Gray's sloping perforated back admitted air into the body of a 
shallow fire from behind. It does not bear a favourable comparison in any respect with 
Mr. Wavish's system (Nos. 29 to 32, in Table I.), in which air was carried into the heart of 
the fire, and smoke was materially diminished. A. C. Engert's * Solo ' grate, of barrel form, 
is useful for burning large supplies of fuel stoked from behind, and pushed forward towards 
the front as required. It is questionable whether this form of grate, though efiective 
to some extent in preventing smoke, admits of the complete combustion of the fuel. 

Class I. Non-Air-Heating : Anthracite. — The anthracite grate of Barnard, 
Bishop & Bamards, was very eflfective in warming as well as in radiation — in virtue, 
no doubt, of the firebrick lining. M. Ferret's radiating fire-grate worked better in 
burning anthracite than Wallsend coal : — in radiating power, as well as in efficiency, 
the reverberating roof being useful in brightening the fire and maintaining it in a state of 
incandescence at the surface. W. Foore & Co.'s stove did not work favourably with an- 
thracite. It appeared to be of scarcely sufficient capacity for properly burning that fuel. 

Class II. Air-Heating and Ventilation : Wallsend Coal. — The * Whamcliflfe ' 
grate of Steel & Garland was suitably formed, with a bevilled canopy, utilised as a 
compact air-warming chamber, well stocked with gills, which were cast on the back of 
the grate. A considerable rise of temperature was effected, and a considerable degree 
of radiation took place : — radiated heat, no doubt, being reflected by the inner slopes of 
the canopy. There was not any special means of burning the smoke, which was rather 
heavy. The * Harleston ' grate of Marshall, Watson & Moorwood, resembles construe- 
tionally the * Whamcliffe ' grate above noted ; but it differs from this in the construction 
of the canopy without any internal gills for warming fresh air ; also in the building of a 
roomy recess behind the grate, as an air-warming chamber. Here, the compactness and 
the close and developed heating surface of Steel & Garland's grate are wanting ; and 
this difference may explain the inferiority of the performance of Marshall & Co.*s grate. 

Class II. Non-Air-Heating : Wallsend Coal. — In the * Nautilus ' grate, J. B. Fetter 
combined originality and efficiency. The open space about the grate, together with the 
openness of its structure, and its basis of firebrick, afforded free play for radiation, 
direct and returned. These conditions may help to account for the ' Nautilus ' grate 
standing first in Class II. for efficiency. The average smoke-shade, nevertheless, was 
comparatively heavy, although the air and the gases from the fire were closely brought 
together above the fire, and were favourably associated for the completion of combustion. 
It is probable that the divided flue was imfavourable for smoke-prevention, as the air 
might have passed off one way and the gases another ; at the same time the intermixture 
was not promoted by the form of the outflows, which were simply short pipes, one at each 

N 
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Bide. The ' Olow-Fire ' of Barnard, Bishop & Barnards was efficient ; and, in addition, it 
exhibited the masimcm radiating power in its class. The firebrick roof, or baffle, no duubt 
pmmoted theradiatingiiction,biit it did not appear to promote the combustion of the gasea 
rising from the fire. It acted, probably, rather as a distillatory agent, in raining the ga^ea 
(|mekly from fresh fuel, than in burning them after they were formed ; for, although air 
was delivered through the back, over the fire, to meet the gases, the length of run under 
ihe baffle was too short to admit of the gases and air being sufficiently intermixed. 
Doulton & Co.'s Tile grate, next in efficiency, had, like the ' Nautilus ' grate, the advan- 
tage of opeunesH, and freedom for direct upward radiation fi-om the fire. F. Edwards & Son 
had Dr. Amott's downvrard-buming stove t*sted with their own system of burning down- 
wai-ds. In gratea of their own design, the smoke-shades were moderate. But the gmtes 
were comparatively slow-burning, and of course could not be forced. The fireclay-lined 
gr.it« of T. Mitchell had a couBiderable smoke-shade ; but the radiation also was consider- 
able. The ' Abbotsford ' grate of the Derwent Foundry Company had a heavy smoke-shade, 
but considerable radiating power. The 'Bartlet' grate of Barnard, Bishop & Barnards is 
cif the same kind as the two preceding gratis, and it was nearly as efficient. The least 
efficient grate in Class il. is that of Frost & Winfield, which resembles the ' Glow-Fire,' 
but is distinguiehed from it chiefly by the inflow of air into the fire through the back 
slab at the bottom, where the ' Glow-Fire ' is close. 

Class III. Non-Air-Heaimg : Wallsend Coal.~W, J. Melville, nnder^feeding 
with a peculiarly formed shovel, attained a high degree of efficiency ; hut his smoke- 
shade was heavy. E. K. Hollands' grat«, mechanically under-feeding, was also very 
ffflcient, and the smoke-shade was moderate. The 'Princess Louise,' exhibited by E. 
H. Shorland, with an under-feeding shovel, waa likewise efficient. Brown & Green'* 
gnite, imder-fed by a pusher, was not ao efficient as the grates just named, but it made 
the lowest fimoke-shade in ita c-iasai An under-fed gratfij by Yatea, Haywood & Co^ 
resembled E. R. Hollands' grate. It was tested experimentally. 

Class IV, Air-Beat'mg: WaUaend Coal. — J. M. Stanley's hopper-fed grat« 
showed a comparatively low smoke-shade; also a moderate degree of efficiency, 
with a low radiating power : — to be exjtected from the rather close disposition of the grate. 
In the * Ulster ' grate, of Musgrave & Co., the fresh fuel was introduced into the tire at 
the back, for its whole depth. Accordingly, the moat of the gaseous products passed 
through incandescent fuel, and the smoke-shade was tight. 

Class IV. Air-healing: Antkrad-te. — J. M. Stanley's hopper-fed grate acted 
efficiently with anthracite i^more efficiently than with Wallsend coal. 

Class IV. Non-Air-Htating : Wallsend Coal. — H. E. Hoole'a grate made 
decidedly the highest efficiency and radiating power of all the grates of its class ; due to 
the excellent conical reflector by which the heat radiated obliquely from the fire was 
effectively reflected into the room. The back coaling-box of A. C. Engert did not 
sufficiently control the preparatory process of distillation, as aimed at in grates of this 
class, llie Coalhrookdale Company's ' Gassius ' grate, delivering fresh coal at the bottom 
of the fire-plaee, was the most efficient of its class in reducing the average smoke-shade ; 
con) rast.ing favourably with Archibald Smith & Stevens' ' Wonderful ' grate, in which the 
Emoke.«liade was maximised. Here the coal was delivered to the fire at the upper part 
of the back, and so the distilled gases did not thoroughly traverse the fire, and they escR])ed 
jiartly unconsumed. On the contrary, in the ' Ulster ' gnite, of Musgrave & Co., already 
noticed, the fresh coal was introduced into the fire at Ihe back for it« whole dei>th. 
Accordingly a less proportion of the distilled gases escaped imconsumed than in the 
* Wonderful ' grate, and the smoke-shade was much lighter, nearly approaching that of 
ihe Coalhrookdale grate, in which also the fuel was chaiged at a low level. 
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Class IV. Non - Air ' Heating : Anthracite. — Archibald Smith & Stevens' 

* Wonderful ' grate acted with results corresponding to those already noticed for Wallsend 
coal in the same grate. 

Class V. Air-Heating : Wallsend Coal. — Steel & Garland's * Kensington ' grate 
stands first in this section for efficiency ; but the smoke-shade is heavy, probably because 
the deflecting screen around the interior of the fire-place is not carried far enough down 
into the fire to drive the gaseous products well through the incandescent fuel. In the 

* Hurst' grate, by M. Feetham & Co., the draught is carried down through the fire, and 
the effect is a very light shade of smoke, with much radiation. J. Moore, on the same 
principle, shows nearly as much efficiency as M. Feetham & Co., but less radiating power 
and a darker smoke-shade. The comparatively greater depth of smoke-shade may be 
due to the fiwjt, that Mr. Moore carries the current from above the fire directly through 
to the back-fiue, whilst Mr. Feetham takes it down to the base to meet with the hot 
currents firom the sides. Eeeve & Henry's Smoke-Purifyer, exhibited by W. I, Henry, in 
a register-grate and a hob-grate, showed a light smoke-shade. The draught is carried 
through the fuel and through the back into a filter-chamber filled with iron-turnings. 
Thus, there are two means of reducing the smoke. Captain T. E. Clarke is moderate in 
efficiency, radiation, and smoke-shade. Eedmayne's grate, by Yates, Haywood & Co., 
showed a heavy smoke-shade. The * Dog ' grate, by M. Feetham & Co., makes a very 
light smoke-shade. Jobson's grate, by the Derwent Foundry Company, was the lowest 
in efficiency of its section, whilst the smoke-shade was considerable. 

Class V. Air-Heating : Anthracite, — ^The * Hurst ' grate, by M. Feetham & Co., 
acted with a greater degree of efficiency, and of radiation, in burning anthracite than in 
burning Wallsend coal. So also did Eedmayne's grate, by Yates, Haywood & Co. The 

* Kensington ' grate, by Steel & Garland, on the contrary, was very low in efficiency and 
radiation. 

Class V. Non-Air-Heating: Wallsend Coal, — The *Vencedor' grate, by T. E. 
P&rker, stands at the head of Class V., for efficiency. Crane's grate, exhibited by 
Deane & Co., was proved to have a fair degree of efficiency, with good radiating power ; 
but it showed a comparatively heavy smoke-shade. J. Comforth's grate made smoke of 
a moderately deep shade. Ingram's grate, by Clark, Bunnett & Co., was but 
moderately efficient. W. Lawrence's grate, with a back combustion-chamber, was still 
less efficient. 

Class V. Non-Air-Heating : Anthracite, — The * Kyrle ' grate of the Coalbrook- 
dale Company showed a great degree of efficiency, and of radiating power. Mode- 
rate results were derived from tests of Brown & Green's ' Luton ' grate, the * Crane ' grate 
of Deane & Co., and Ingram's grate, by Clark, Bunnett & Co. 

Class VI. Air-Heating: Wallsend Coal, — The efficiency of H. J. Newcome's 
Tubular Air-warmer, and the low temperature in the chimney, 90**, are due to the greatly 
developed radiating and conducting surface of his tubes ; and the moderate degree of 
smoke was arrived at partly by the deposit of soot in the circulating pipes. The 
temperature, 90°, contrasts with the probable temperature, 200°, which would have been 
reached in the chimney if the draught had been direct. The * Calorigen ' stove, by J. F. 
Earwig & Co., is but moderately efficient, — for want of surface, no doubt, — ^as the 
smoke-shade is very light, and the combustion was good. 

Class VI. Air-Heating: Anthracite, — F. Lonholdt's base-burner stove takes 
the lead in efficiency as a close anthracite-stove. By conducting the hot gaseous 
products to the bottom, and developing a large surface for warming air, Mr. I^onholdt 
was enabled to deliver firom the stove as much as 6,000 cubic feet of air per hour, at a 

n2 
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temperature of from 200° F. to 220° F. The ' Crystal ' Ventilating stove, exhibited by 
W. Stobbs, also a base-burner, wan very efficient. The ' Hygiene ' Btove of H. Hunt, a 
b:i8e-burner, had a considerable degree of efficiency. It differed from Mr. Stobbs' 'Crystal' 
stove, in bringing in fi-eah air from without to be warmed and delivered into the room, 
whereas the ' Crystal ' stove drew its supply from the room for vanning. H. J. Piron's 
stove, in which the products of combustion passed at once upwards and were led off, was the 
least efficient of the four ventilating stoves bumitig anthracite ; whilst its radiating action 
was very meagre — in consequence, no doubt, of the superfluous pains which were taken 
to prevent radiation, by lining the case of the stove with a non-conducting Diaterial. 

Class VI. Non-Air-Heniing : WnllaeTid Coal.— The 'Miser' heating-stove, by 
Vates, liaywood & Co., is the most efficient in the section in which it is placed ; but it 
made comparatively much smi^ke. The same class of stove, as exhibited by Steel & 
Garland, had four pillars, whilst the ' Miser ' of Vates, Haywood & Co. bad only two 
pillars. Yet it did not. prove so efficient as the simpler stove was ; but it. made less 
smoke. J. Comforth's ' Little Wonder ' stove was one of the most efficient, as well aa the 
most successful in consuming smoke. It must be explained tiiat the stove was placed 
in the middle of the room, and was fitted with a 5 inch flue-pipe, 14 feet long, by which 
the heating surface was more than doubled in area. The duty, according to the results 
of the test, was at the rate of 9-04° F. rise of temperature per pound of coal constuned per 
hour ; but, allowing off one-third of this as effected by the 6ue-pipe, leaving an efficiency 
of G°F. per pound of coal, the 'Little Wonder' would range in efficiency with the 'Miser' 
stove. The combustion was good, and resulted from the complete mixture of heated 
air from the hollow fire-bars with the gases passing over the bridge. The ' Star ' beating- 
stove, by J. Dunnachie, was efficient, and at the same time showed but little smoke. 
The ' Arm stead -Gregory ' stove, of R. W. Crosthwaite, was almost entirely smokeless, and 
was efficieDt to a medium degree; an unusually large proportion of the heat was carried 
off up the chimney. The ' Sunlight ' stove was but moderately efficient. There waa too 
little radiating and warming surface ; moreover, the degree of sraoke was very great, for 
want of adpfjuat* provision for the mixture of gases and air. C. B. Gregory's amoke- 
buming furnace was perfect as a fuel-burner and smoke-preventer, obviously because 
of two tilings: — that the combustible gases were kept hot until they were consumed, 
and that the air for their combustion was heated, and was delivered at tbe throat of 
the furnace, so as to meet the hot gases and immediately mix with and inflame 
them. The efficiency, as it happened, was the minimum, but a large proportion of the 
heat of combustion was passed away by the chimney. It may be explained tliat this 
]iarticular fiimiice was not specially adapted for heating an apartment, but for opera- 
tions on a much larger scale than this function. .lobson's ' Gill ' stove, by the Denrent 
Foundry Company, happens to have been the least efficient of the section in whi«h 
it is placed. It is distinguished by a direct downward draught. The smoke is of a 
medium shade. 

Class VI. NoTV-Air-Hratitif} : Antkracitf. — The 'Economy' portable store, and 
the ' Crown Jewel ' stove, of Harry Hunt, proved of the highest efficiency in this Beetion. 
The ' Armstead ' stove, by R. W. Crosthwaite, designed on the principle of detaining and 
circulating the hot gaseous product* at the upi)er part of the stove, worked with a 
consiilerable degree of efficiency. Next come the ' Albion ' stove, of Brown & Green, 
which shows considerable efficiency; and, lastly, the 'Economy' base-bumo', by Hany 
Hunt. 

Class VI. Slow-Combu«tion Tref« for Long Periods. — The best developed rtove 
for heating air — Mr. Lonholdt's — has clearly made tbe best performance. 
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THE MOST REMARKABLE RESULTS OF PERFORMANCE. 

The most prominent results of the tests of grates and stoves are given in the 
following Table. The first and second places in efficiency are occupied by the close 

Table XIX.— THE MOST RE^L\RKABLE RESULTS OF PERFORMANCE. 



IN THE ORDER OF EFFICIENCY 


IN THE ORDER OF SMOKB-PREVENTION 






Walls- 


Rise of 






Wall*- 
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Exhibitor and opon grate 


end or 

anthra- 
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per lb. 
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anthra- 
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Smoke- 
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Ko. 






dcfr. F. 


No. 






de/. F. 


4 


II. E. Hoole. Reflector . 


w. 


0-33 


5 


W. I. Henry. Smoke- 






1 


T. Potter & Sons. Therm- 








purifyer 


w. 


0-91 




hydric .... 


w. 


6-lC 


2 


Doulton & Co. Tile grate . 


w. 


1-33 


5 


T. E. Parker. Vencedor . 


w. 


6-06 


6 


T. Feetham & Co. Hurst 






5 


M. Feetham & Co. Hurst 








grate .... 


w. 


1-41 




ffrate .... 
W. S. Melville. Shovel, 


A. 


603 


3 


Brown & Green. Under- 






8 








leeo. . . • . 


w. 


212 




under-feed 


W. 


4-98 


5 


T. E. Parker. Vencedor . 


w. 


2-28 


8 


E.R. Hollands. Under-feed 


W. 


4-00 


2 


Rai-nard & Co. Glow-fire. 


w. 


2-36 


1 


Barnard & Co. Anthracite 






3 


E. R. Hollands. Under- 








grate .... 


A. 


4-90 




feed .... 


w. 


2-62 


8 


R H. Shorland (G. L. 






4 


H. E. Hoole. Reflector . 


w. 


2-66 




Shorland*8 patent). Un- 






2 


J. B. Petter. Nautihis . 


w. 


2-81 




der-shovel 


W. 


4-71 


8 


E. H. Shorland. Under- 






5 


Steel & Garland. Ken- 








shovel .... 


w. 


3-00 




sington .... 


W. 


4-68 


1 


T. Potter & Sons. Therm- 






5 


The Coalhrookdale Com- 








hydric .... 


w. 


3-60 




panv. Kyrle 
T. Feetham & Co. Hurst 


A. 


4-53 


6 


Steel & Garland. Kensing- 






6 








ton .... 


w. 


3-66 




grate .... 


W. 


4-22 


3 


W. S. Melville. Shovel, 






2 


Barnard & Co. Glow-fire. 


W. 


400 




under-feed 


w. 


4-14 


2 


J. B. Petter. Nautilus . 


W. 


3-93 










2 


Doulton & Co. Tile grate 


W. 


3-78 










6 


W. I. Henry. Smoke- 
purifyer 


W. 


316 










3 


Brown & Green. Under-feed 


W. 


2-85 












Clo^ stoves 








Cfose stoves. 






6 


F. Lonholdt . 


A. 


11-51 


6 


R. W. Crosthwaite. Gre- 






6 


W. Stohbs 


A. 


11-33 




gory .... 


w. 


0-46 


6 


H. Hunt. Economy Port- 






6 


J. Cornfortb. Little Won- 








ahle .... 


A. 


8-11 




der .... 


w. 


0-69 


6 


Yates, Haywood & Co. 






6 


H. J. Newcome 


w. 


200 




Miser .... 


W. 


6-80 


6 


Yates, Haywood & Co. 






6 


H. Hunt. Crown Jewel . 


A. 


6-66 




Miser .... 


w. 


4-48 


6 


J. Comforth. Little Won- 
der .... 


W. 


600 










6 


H. J. Newcome 


w. 


4-80 










6 


R. W. Crosthwaite. Gre- 
gory .... 


W. 


3-76 











stoves of F. Txinholdt and W. Stobhs, with which, burning anthracite, the temperature 
of the room was raised upwards of 1 1^ F. per pound of coal consumed per liour. The first 
and second places for lowest smoke-shade are taken by the close stoves of R. W, 
Crosthwaite (' Armstead-Gregory ' Stove) and J. Cornfoi*th. 
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Of the open grates, that of H. E. Hoole stands first for efficiency — a remarkable testi- 
mony to the value of good and well-iilnced heat-re fiecting surface. The next ia T. Potter 
& Sons', whose therm hydric grate or stove is a testimony to the value of fully developed 
air-heating and radiating surface. Then T.E.Parker shows the value of a downward 
back-angle draught, and M. Feetham & Co. prove also the efficiency of downward 
draught, Neit are W. A. Melville and E. R. Hollands, also E. H, Shorland, who prove 
the merit of under-feeding and an upward through draught ; although, on the contrary, 
Brown & Green, who also under-feed, stand at the foot of the list. This inferiority of 
position may probably be accounted for by the nairownees of the base of the fire — which 
ifl contracted by the insertion of a sloping back — and a deficiency of radiating power. 

In the order of smokelessness, W. I. Henry's back filter-bed or smoke-purifyer, of 
iron-turnings, through which the draught is conducted from the back of the fire, takee 
the first place ; and yet it ia nearly the lowest in the list for efficiency. Doulton's tile 
grate, too, next to W. I, Henry's grate for smokelessness, stands next to it also for low 
efficiency. 



GENERAL OB-SERVATIONS ON THE RESULTS OF THE TESTS. 

It is worthy of observation that even the densest smoke-shades that have been 
recorded, in tlie tests of grates and stoves, are light comparatively, when the smoke 
of industrial establishments and of steam-boilers is taken into consideration. The 
reasons are not fer to seek, since the smoke of o\tert grates is exeeasively diluted with 
air, and that of close stoves also, though in a less degree. Such preliminary dilution, 
of course, makes no difference in the final condition of the atmosphere, whilst it may 
divert attention from the magnitude and importance of the evil. 

It has been demonstrated that in close stoves the combufltion of smoke-making fuel 
is much more nearly complete than in any kind of open grates, and that the average 
smoke-shade is decidedly lighter than in any kind of open grates ; that the dilution of 
the gaseous products of combustion is much less in close stoves than in open grates ; and 
that, partly in consequence of this favourable condition, and partly in consequence of 
the greater freedom for parting with heat by radiation, as well as by conduction, close 
stoves are much more efficient for warming rooms, and more economical of fuel, than 
open grates. But whilst the close stoves raise the temperature one-half more than tJie 
open grates, these, on the contrary, radiate locally at double the intensity of the radiation 
from those ; these also exhibit a degree of life and brightness imknown to thoee ; aod. 
wasteful of heat though tbey are, it is likely that the open grates will continue to be the 
principal generators of heat from solid fuel. 

Of the open grates, those are the most effective, as well as the least smoke-making, 
in which the distilled gases are caused to pass through the incandescent fuel, and so to 
become sufficiently heated in combinatiou with air also passed through the fuel, as to 
be consumed more or less perfectly, to an extent at least which is not attained in other 
grates of direct open draught. 

Anthracite, as a fuel, ap[iears from the general results of testing to be as effieSent 
aa Wallsead coal in ojten gniles, whilst it is decidedly more efficient in close stovea. It 
is also remarkably more efficient in grates and stoves in which a supply of warmed fresh 
air is provided and delivered into the room. Such a function does not npix^ar to bit 
fulfilled economically with Walleend coal as fuel. On the contrary, grates and stoves 
burning bitiuninous coal appear to do better for heating efficiency, when left to a|tcrate 
by simple radiation and conduction; with the exception of the most wasteful kinds of 
grate — those of Class I, — having bottom grids and a direct upward draught. For such 
grates the air-worming appliances are promotive of economy. 
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The diffusion of heat throughout a room appears to be accomplished in the course 
of ordinary circulation, with plain grates, as efifectively as with ventilating grates. The 
difference is very considerable between the temperatures of the lowermost and the 
uppermost strata of air in the room. It remains a question whether, in rooms of 
ordinary proportions and finish, the temperature may not be more nearly equalised 
than it was proved to be in the testing houses ; and it is in evidence that temperatures 
not varying by more than 2^ F. were attained in an apartment partly warmed by air 
discharged from the grate. 

With respect to the distribution of the heat of combustion of fuel in an apartment, 
it has been shown that though a large proportion of heat is carried off in the chimney, 
an equally large proportion is absorbed by the walls : in the case of close stoves, more 
than one-half of all the heat. The bearing of this conclusion on the construction of 
houses, leads to the deduction that comparatively thick walls are conducive to uniformity 
of internal temperature — ^to the prevention of excessively high t-emperature in the 
summer months, and of excessively low temperature in winter. That great thickness 
of walls is preventive of great extremes of temperature, is a practical conclusion which 
has generally been accepted. Comparatively thin walls, or shells, on the contrary, give rise 
to extremes of temperature. It has now been demonstrated that the walls of a room 
act as equalising heat-reservoirs, heat being absorbed by the walls when the interior 
temperature rises, and emitted by them and absorbed by the air of the room when the 
interior temperature falls. 

In the Table (XIX.) of the most remarkable results of performance, there are 
instructive and suggestive contrasts which would bear further investigation, and from 
which useful practical deductions may be anticipated. 

D. K. CLARK, 



ADDENDUM. 

Independently of the results of the special tests ahove investigated, observations were made of 
the smoke-shades that proceeded from the chimneys of ^ates and stoves in their places in the Exhibition 
whilst in daily action. The temperatures of the gases m the chimneys were also noted. The following 
are the averaged results of observations made during four consecutive days in Januaiy 1 882, on the 
smoke-shades and temperatures of twenty-six open grates and three close stoves burning Wallsend coal. 
In parallel columns are given the respective smoke-shades, and temperatures in the chimney, observed 
during the special tests : — 



ClM8 


Observed in the Bxhibition building 


Observed during the special tests in the 
teating houses 


ATerago 
smoke-shade 


Average temperature 
in the chimney 


Average 
smoke-shade 


Average temperature 
in the chimney 


No. 

1 

2 

*3 

4 

6 


4-60 
8-30 
3-60 
4-50 
5-30 


Fahr. 

202 
109 

174 
217 
226 


3-23 
306 
2-66 
2-76 
253 


Fahr. 

176-7 
211-2 
1361 
210-2 
3760 


Average of Nos. 1-6 
No.6 . 


4-20 
2-60 


197 
199 


2-94 
2-63 


222 



Here it is shown that the smoke-shades are much darker under the ordinary attention given to the 
open grates in the daily routine of the Exhibition, than under the better management with which the 
special tests were conducted. For the close stoves, which were less dependent on skilled management, the 
smoke-shades are identical. The temperatures in the chimney fluctuate in a manner to be expected under 
the circumstancee. For the open grates they range lower in the Fxhibition building than in the testing 
houses — a variation readily accounted for by the comparatively exposed situation of the chimneys in the 
Exhibition building, and their being constructed of sheet-iron. — D. K. C. 




TwEKTV-BEVEN complete testa of kitcheners and ranges were made for roasting meat and 
baking puff pastry, comprising nineteen diiferent exhibita, under the supervision of 
Mrs. CLarles Clarke, Lady Suiierint^ndent of the National Training School of Cookery, 
South Kensington, who kindly volunteered to assist at the teats. The fuel coDsuined 
was, for the most part, hard steam coal, The results are given in the annexed Table 
(XX,), in which also the dimensions of the roasters are given. 

No. 1. Tfe Wilson ENaiNEERiNo Oompant.— Portable range, 4 feet wide, not 
requiring any brick-setting. The tire is in the middle, between two ovens. The fire 
d<.>or is perforated, for the admission of air above the 6re ; it is made double and hollow, 
BO that the air passing between the plates becomes heated before reaching the fire. Air 
is alsoadmittedfrombeiow thefire, nplhe outer sides of the furnace, which is of cast-iron, 
between gills, to meet the gases from the furnace, the air being heated as it risefl. The 
intermixture is promoted at the point of meeting by a batHe-plate. The products of 
combustion pass over the oven down the outer side, and under the bottom. The 
bottom is gilled, in ordef to better abstract the heat of the gases. The boiler, at the 
back, is made of steel and wrought iron, and can hold 10 gallons of water. It doe* 
not form part of the furnace. The bottom of the range is enclosed, so that the heat is 
retained there. (Plate 29.) 

No. 2. M. Feetham & Co. — W. F. S. kitchener, built into brickwork. The fire is 
supported by ii rack-and-pinion motion, by means of which it may be raised or lowerwl 
as desired. The foul gases irom the roaster and the oven are drawn down from the 
upper part and passed through the fire. 

No. 3. John M. Stanley. — The novel feature of this range is the combination of 
the principles of open and of closed fire-places. The fire-back is closed, and forme a retort 
or hopper, into which the fresh fuel is delivered, and where the gases are distilled. 
The gases are passed through the fire and are so consumed. The products paas out 
through the sides aud the back at the lower part, and thence pass under the ovens, 
up the outer sides, and over the top, to the flue. (Plate 30.) 

No. 4. M. Feetham & Co. — Bayer's Dust-Consuming Range, containing two 
ovens and two hot-closets. 

No. 5. T. J. CoNSTANTiNE. — The ' Treasure ' Range, No. 88, The furnace or fire- 
pot is of cast-iron ; the sides and the back are hollow, forming air-sjiaceB. The middle 
tire-bar is hollow, into which air is admitted Irom the ashpit. This air passes all round 
three sides of the fire-pot, and passes into it through slots at the top of the three nAc*, 
where it meets and consumes the smoke which rises from the tire. The tire-ban ara 
feather-edged at the lower side to facilitate draught. The door is triple-cbiuiibore<d, 
or so divided by diaphragms as to heal the air that is admitted into it from the (ront, 
through holes at the lower part: the air being passed upwards, then downwards, 
and Iheu upwards, before entering the furnace through slots at the upper part. The 
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passages tihrough the door are subdivided by gills. The gaseous products pass over 
the top and down the outer side of each oven. (Plate 30.) 

No. 6. C. Churchill & Co. — ^The ' Greene ' Soft-Coal Cooking-Stove. The furnace 
is made with firebrick sides and a sloping firebrick back. The grates consist of bars 
with numerous perforations ; across the upper part of the furnace, and facing the inclined 
back, air in small jets is delivered upwards from a cast-iron air-duct towards the sloping 
back, to meet and consume the smoke. The gases pass away over the fax end of the 
oven, which is below the furnace, then down through two flues at the back of the oven 
and under the floor of the oven on each side, and back under the floor into the middle. 
(Plate 31.) 

No. 7. W. Stobbs. — *Beebe' Kitchen Range, burning anthracite. It is set in 
firebrick, the sides of the fire are inclined towards each other backwards, and the sides 
of the ovens, one on each side of the fire, widen backwards correspondingly. (Plate 33.) 

No. 8. Newton, Chambers & Co. — The * ThomclifTe ' Range has two baking and 
roasting ovens, and two hot-closets below. Between these the fire is placed, formed 
with two thick firebricks, one next each closet. The fiarae passes over each closet, then 
tmder the oven above it, and then over to the flue. There is the speciality that the 
way out from the ovens is by an independent exit direct into the outer flue ; so that 
the ventilation of the oven is not liable to be interrupted by the regular draught of the 
range. (Plate 31.) 

No. 9. The Eagle Range and Foundry Company. — ^The * Eagle ' Range. The front 
bars are upright, the grate is hinged at the back, and is movable up and down at the 
bontj so as to increase or diminish the body of fire. It is let down for roasting ; lifted 
for baking in the oven or for boiling. The flame passes over the top of the oven and 
down the outer side, and thence to the flues behind. (Plate 32.) 

No. 10. A. C. Engert. — ^The speciality consists in the mode of feeding the fire 
from the coaling-box at the back, in which fresh coal is deposited. The box is moved 
forward as required by means of a lever. 

No. 11. RossER & Russell. — The fire is of such a size that meat can also be roasted 
in front. With the object of preventing an excessive consumption of fuel, and to keep 
the hot-plate and ovens heated by a small fire, the fire-place is fitted with a rising 
bottom, movable vertically by a rack-and-pinion motion, which can be raised as the fuel 
bums away. 

No. 12. W. Stobbs. — *Beebe' Range, No. 1, burning anthracite; the same as in No. 7. 

No. 13. J. M. Stanley. — The same as No. 3. 

No. 14. M. F^etham & Co. — W. F. S. Kitchener; the same as No. 2. 

No. 1 5. The Radiator Range Company. — ' Radiator ' Range. The fire-place is circular, 
and projects to the extent of a half-circle beyond the front of the range. The gases 
pass through a narrow opening horizontally into a combustion-chamber at the back, for 
the consumption of smoke, whence they pass over and under the ovens, one on each side. 
By the projection of the fire-place, places are provided for three joints roasting at once, 
in addition to the roasting ovens ; and the ovens are not exposed to the direct heat of 
the fire. (Plate 33.) 

No. 16. M. Feetham & Co. — Sayer's Dust-consuming Range ; the same as No. 4. 

No. 17. The Wilson Engineering Company. — The same as No. 1. 
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Table XX.— RESULTS OF TES 



No. 

of 
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Deeoription of kitchener 
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Heating up of 

ROASTKB 


JOOT 
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No. 
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8 


4 


5 


6 


7 


8 


9 


10 


U 


IS 


1883 


\ 






in. 


in. 


in. 
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deg. F. 


h. m. 




1^« 


1 


Feb. 


6 


TThe Wilson EngiO 
\ neering Company/ 


/Portable Range, 4 feet"! 
\ wide . ./ 


15 


22 


14 


55 


250° 


55 


Leg Of 
matton 


lU 


2 


f> 


6 


M. Feetham & Co. 


/Feetham's W.F.S. Kit- 1 
\ chener, 6 feet wide . / 


18 


19i 


15J 


73 


250 


1 17 


Da 


1 ] 


8 


ft 


6 


J. M. Stanley 


/Hopper-fed Cooking- \ 
\ Range . .J 


18 


21 


18 


45 


250 


1 8 


Da 


1 1 


4 


» 


6 


M. Feetham & Co. 


r Sayer's Dust-consuming ^ 
\ Kitchen Range ./ 


lOi 


17 


15 


30 


260 


50 


Do. 


4 11 


6 


tf 


7 


T. J. Constantine . 


/The Treasure Range, 1 
\ 4 feet wide . . / 


17 


23 


14i 


40 


250 


1 33 


Sirloin 
of be«f 


U 1 


6 


i> 


7 


C. Churchill & Co. 


( The Greene Soft-coal \ 
( Cooking-Stove . . i 
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20 


19 


40 


250 


1 37 


Da 


UU 


7 


»i 


8 


W. Stobbs . 


/Beebe Kitchen Range, ^ 
\ 4 J feet wide . J 


10 


20 


12 


31 
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1 44 


Da 


IS 1 


8 


»f 


8 


/ Newton, Chambers \ 
\ &Co. . / 


TThe Thomciiffe Range, 1 
1 4 ovens . / 


15 


20^ 


18 


30 


250 


2 


Da 


U 1 


9 


»> 


8 


/The Eagle Range 1 
\ & Foundry Co. ./ 


/Eagle Range, 4 feet 1 

\ wide . 

r Back Coking-box Range, i 


20 
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14i 


40 
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Da 


UU 


10 


>f 


12 


A. C. Engert 


< 4ft. 6 in. by 2 ft. 8 in. \ 
t high X 2 ft. 2 in.deep . J 


18 


22 


18 


65 
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2 30 


Da 


IS 13 


11 


» 


12 


Roeser & Russell . 


8 feet wide . 


18 


16 


28 


50 


260 
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Da 


U 1 
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«> 


12 


W. Stobbs . 


/* Beebe Kitchen Range, "t 
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12 
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IS 1 
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f> 
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J. M. Stanley 


/ Hopper-fed Cooking- i 
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18 


21 


18 
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Da 
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14 
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M. Feetham & Co. 
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18 


19* 
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27 
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IS 1 


15 


H 


13 


rXhe Radiator!^ 
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/ Radiator Range, 4i feet 1 
\ wide ... J 


m 


20 


17 


56 
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UU 


16 


>« 


15 


M. Feetham & Co. 


/ Sayer's Dust-consuming 1 
I Kitchen Range . . J 
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17 


15 


65 
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Da 
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17 


l» 


15 
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\ neering Company 
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\_ wide . . . .J 


15 


22 


24 


40 
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Da 
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18 


tf 


15 
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TESTS OF COAL-BVRmm KITCHENERS. 

No. 18. The Sunlight Stove Company.— Dutch Oven. The fire-place is above the 
oven. Air is admitted through gratea all round the fire-place, to perfect the combustion. 
The draught from the fire descenda on both sidea of the oven, reuniting at the bottom, 
and proceeding thence to the chimney. There is no boiler, but there is a coil of pipe 
within the fire-place Burrounding the fire. The ends of the pipe rise to the cistern above. 
(Plate 33.) 

No. 19. Brown & Green. — Smoke-consuming Kitchener. The chief speciality is 
the means of supplying fresh fuel, which is placed in a small trough or tray in front at 
the bottom of the fire-place, and is pushed in underneath the incandescent fuel by roeana 
of a hoe-shaped or &tt^faced feeder. Thua the gases distilled from the fresh coal 
pass upwards through the live coal and are, to a great extent at least, conanmed. 
Tlds range is adapted for cooking in fi-out of the fire as well as in the oven. (Plate 34.) 

No. 20. Brown & Green.— The 'Gem' Portable Cooking-Stove. The fire-place 
and the single oven are side by side. The flue passes over the oven direct to the 
chimney. The aidea, back, and bottom of the stove are cased in an air-jacket. The 
aide of the oven nest to the fire ia protected by a cast-iron plate, which is kneed so as 
to pass into the lower air-jacket, under the bottom of the oven. By condoctibo, the 
plate assists in heating the oven. For the larger sizes, the flue is carried entirely roaod 
the oven. (Plate 35.) 

No. 21. Brown & Green. — The 'Times' Portable Cooking-Stove, to bum 
anthracite. The front of the fire is made in three parts ; to slide in and out : the 
lowest part being upright bars, the middle part a plain plate, and the upj>er part the 
feeding door. The gi-ate at the bottom is sloped, being higher at the back than at the 
front. The area for air passage ia thus augmented aa compared with a horizontal grate, 
and the fuel is thrown forward to the front as it is conflumed. The middle plate becomes 
very hot, and is available, in conjunction with the lower bars, for roasting in front. 
(I'lat« 35.) 

No. 22. J. Court. — All the air for feeding the fire comes from the roof of the 
r^inge, entering a long narrow opening there, passing down a pipe at the back to the ash- 
pit, whence it passes, warmed, up through the fire. The front of the range is thui 
ventilated, drawing off' the fumes and vapours which rise to the upper part. The oven 
i I supplied with heated air for ventilation. The air for this purpose is taken into the 
narrow space between the fire-place and the oven, passing up one side of a partition, and 
down the other side, and into the oven at the lower part., whence it passes off at the 
upper comer to the flue. There ia a cast-iron boiler at the other side. (Plate 36.) 

No. 23. The Falkirk Iron Company. — The 'Falkirk' Smokeless Close-fire 
Kitchener. The range is heated on a modification of Dr. Siemens' system with coke 
and gas. The fire-place is hacked with a firebrick slab. The bottom grid reaches all 
the way from back to front, and conaista of a series of very deep gills, between which, 
being hot, the ascending currents of air are heated before entering into combostton. 
The gas jets are placed in a row, in front, at the level of the grate, and they are directed 
inwards, at an angle of 45", into the body of the coke. (Plate 36.) 

No. 24. The Falkikk Iron Company. — The 'Auxiliary ' Cooking-Stove, healed on 
Dr. Siemens' system, as in No. 23. 

No. 25. Tbe Falkirk Iron Company. — The 'Falkirk' Smokeless Closo-fire 
Kitchener, as in No. 23. 

No. 26. TllK Radiator Range Company.— The same aa in No. 15, 

No. 27 T. J CoNSTANTiNE. — The same as in No. 5. 
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No. 28. J. & J. McMillan. — Ordinary Bange. The speciality is a means of under-feed- 
ing by means of a square box, having a movable floor, and pivoted at the lower part, 
on winch it is swung outwards to be filled with coal. When filled, it is replaced under 
the fire-place, and the firesh fuel is pushed up under the live coal ; the combustible gases 
passing through it to be consumed. (Plate 36.) 



OBSEEVATIONS ON THE RESULTS OF THE TESTS. 

The conditions of the Kitcheners varied considerably, with regard to dimensions, 
as well as to capacity. Those which were most economical in fuel were amongst the 
largest. In respect of smoke-prevention, A. C. Engert's Kitchener, in test No. 10, made 
the lowest smoke-shade with bituminous (hard steam) coal. Next comes Brown & 
Green's Kitchener, No. 19. In No. 10, the coal was gradually distilled, and fed from 
the back; in No. 19 it was under-fed ; and the minimum of smoke in these instances 
is readily accounted for, on the principles already explained in the Report on Open 
Grates and Close Stoves. T. J. Constantine's Kitchener, Nos. 5 and 27, the Wilson 
Engineering Company's, No. 17, and the * Radiator' Range, No. 26, used the smallest 
quantities of fuel, in virtue of their superior utilisation of heat. The excellent per- 
formance of the Falkirk Iron Company's Kitcheners, burning coke with gas, is due, no 
doubt, to the employment of gills of great depth as fire-bars, and the preliminary heat- 
ing of the air and the gas brought into combustion, on Dr. Siemens' principles. 

J. & J. McMnLLAN's Kitchener was tested chiefly for smoke-prevention. The smoke- 
shade averaged 2*20 ; the temperature was taken at a distance of 6 inches from the 
front of the fire, and it averaged 217^ F. 

D. K. CLARK. 




Thirty-one t-eets were made of gas heating-stoves, gas fires, and gaa water-lie-ateis. 
The gas was supplied by the Gas- Light and Coke Company. The resultB of the testa ue 
given in the Table annexed, in chronological order. 

The gas heating-apparatus that was tested may be classed as follows ; — 

1. Close Gas Stoves, traversed bj cmrenta of air which are heated by conduction, 
the gas burning in separate chambers, 

2. Open Gas Stoves, or Combination Fires, in which gas is burned in mixture 
with asbestos, coke, or anthracite. 

3. Gas Baskets, or Gas Fikes, in which gas is burued alone, the heat being 
delivered by direct radialion, or by reflection. 

The results of the tests are given in Table XXI. 



1. CLOSE GAS STOVES, 



No. 1. J. C. Stabk & Co.— Cos's Ventilating Gas Stove. It consists of a vertical 
cylinder covered with a non-conducting substance, heated by luminous jets of gas, 
burning at the lower part, the fumes ascending into the interior, and escaping at the 
back of the lower part. Fresh air from without is introduced at the lower Jiart, 
separated from the gaseous fumes, and ascends and is heated in vertical tubes, from 
which it is collected in a i)erfonited chamber at the top, whence it is discharged into tb<i 
room. (Plate 38.) 

No. 2. The Sasitary and Economic Supply Association. — Dr. Bond's ' Euthermic' 
Ventilating Gas Stove (Pattern B), If. consists of four concentric vertical cylinders, forming 
a central cylindrical chamber, and three annular s)»ices. Air from the room is admitted 
into the central chamber and the second annular chamber at the lower end, and ascends 
to the top, whence it escapes heated into the room. A ring-burner of atmospheric ga», 
on tt swinging bracket, is placed at the lower end of the firwt annular chamber, the hot 
gaseous products ascending to the top, then descending by the outer annolar chamber 
to the lower part, whence they jmiss off by flue. The air passing through the stove 
becomes heated by conduction through the intervening cylinders. The outermiisl 
cylinder, or the casing, is corrugated in order to augment the external surface for rudia- 
tiOQ and cmduction. (Plate 36.) 

No. 3. Sanitary and Economic Supply AssocuTioN.^Dr. Bond's Gas Stove 
(Paltero A). Within an upright corrugated metal cyUnder an inverleil cone u iized, 
into which fresh air is admitted at the lower and smaller end. The air ascends to the 
top and is thence dischiu^ed into the room. Heat Is supplied from an annular burner uf 
attuoHpheric gas at the lower end, surrounding the inverted cone. The h<it jiruducts rise 
and till the casting, i^um^unding the cone. They descend from the top through a Dumbt-r 
of tubes out.nide the casing, from the lower end of which they pass away into a flue. 
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The air in ascending within the inverted cone becomes heated, whilst heat is also given 
oflF from the casing by radiation and conduction. (Plate 37.) 

No. 4. Wm. Harvie & Co. — Dr. Adams' Gras Stove. An upright cylindrical stove, con- 
sisting of four concentric cylinders, forming a central chamber and three annular chambers. 
Gas is burned at the lower end, the gaseous products passing up amongst a number of small 
hollow cylinders of brick, and heating them to redness. The products of combustion 
ascend spirally through the second annular chamber, escaping at the upper part into the 
flue. Fresh air is admitted in two separate currents; one entering the outermost annular 
chamber at the bottom and ascending to the top, whence it is discharged ; the other 
entering the outlet chamber at the top, descending to the lower end, turning into and 
ascending through the first annular chamber, and also escaping at the upper end. In 
this manner, the ascending ciurent of hot gases heats the two annular columns of air 
between which it passes. (Plate 38.) 

No. 5. Gr. J. Cox. — Cox's ^Regenerator ' Air-warming and Ventilating Gas Stove. An 
upright cylindrical stove, comprising three concentric cylinders. At the base of the first 
cylinder a ring Bunsen-bumer is in action, the hot gases from which ascend into a 
chamber at the upper part, whence they descend through the outer annular space, 
escaping near the bottom. The ascent of the gases is partially arrested and compelled 
to take a zigzag course by horizontal partitions in the central chamber. Fresh air is 
admitted into the inner annular space, in which it becomes heated, as it ascends, being 
exposed to heat from the central chamber and from the outer annular space. 

No. 1 2. Strode & Co. — Schonheyder's * Sanitary ' Stove, for lighting, heating, and 
ventilating. An upright cylinder, upon the outside of which there are two argand 
gas-burners. The gaseous products are taken inside the column, and pass down through 
two pipes inside the casing, whence they pass up through two other pipes, from the 
upper end of which they pass to the chimney. Fresh air enters at the bottom from the 
outside, and passes upwards around the four pipes containing the products of combustion. 
It is discharged into the room at the upper part. Vitiated air is carried off" in winter 
through an opening near the floor ; in summer, from the upper part of the room, by 
an adjustment of valves. For summer use, the products pass direct to the chimney 
without traversing the vertical pipes. Those pipes containing the hottest products are 
made double in order to prevent the scorching of the incoming fresh air. Means are 
provided for moistening the air. A flat or pilaster form of the stove has recently been 
introduced for use in sitting-rooms. It can be employed in combination with the ordinary 
fire-place. (Plate 39.) 

No. 16. G. Haller & Co. — Kohlhofer's Hot- Air Gas Stove. — Two rectangular 
chambers, upper and lower, are connected by five upright pipes. Within a central jnpe 
depending from the upper chamber a circular atmospheric gas-burner ia in action. The 
hot gases rise into the upper chamber, descend through two of the upright pipes into the 
lower chamber, ascend through the two other pipes to the upper chamber, descend through 
the fifth pipe into the lower chamber, and pass thence into the flue-pipe. (Plate 40.) 

No. 27. ErrcniE & Co. — 'Lux Calor' Ventilating Stove. One or two hollow 
columns or tubes, on a hollow base, and supporting a hollow chamber at the top. One 
or two jets of gas bum near the upper pjut, from which the gaseous products are con- 
ducted into the upper chamber, whence they pass down inside the columns. The pro- 
ducts are cooled, and partially condensed, collecting at the bottom, where the remaining 
gas is passed off behind into the room, as, in the opinion of the exhibitors, there is * no 
flue required.' (Plate 41.) 

No. 28. J. F. Farwig & Co. — George's Gas ' Calorigen.' An upright cylindrical 
case, in which a ring-burner, of 12 Bray's No. burners, is in action at the base. 
The hot gases rise and escape at the upper part into the flue. Air to supply the burner 
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ESTS OF GAS HEATING-APPARATUS. 



Table XXI.— RESULTS OF TESTS Q 



Ko. 

(If 

test 



No. 

1 

2 
3 
4 
6 
6 
7 

8 

9 

10 
11 
12 

13 

14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 

26 

26 
27 
28 



29 
30 

31 
32 



No. of 

testing 

room 



2 

4 
4 
2 
3 
2 
2 



3 
2 
2 
3 



6 
6 
3 
2 
4 
4 
2 
3 
3 
3 
3 



4 
2 
4 



Date of test 



1883 
Feb. 16 



» 

ff 
>» 
>t 
>f 

>f 

ft 
ft 
f> 
ft 

>t 

fi 
>f 
tt 
fi 

>* 
tf 
ft 
ft 
tt 
t* 
tt 

tt 



16 
16 
16 
16 
17 
17 

17 

17 
18 
20 
20 

29 

20 
27 
21 
22 
22 
23 
23 
23 
24 
26 
27 

24 



March 2 
Feb. 28 
28 



ft 



Feb. 16 
ff 23 

26 



I* 



)* 



Name of exhibitor 



26 



J. C. Stark & Co. 

Sanitary Association 

Do. 
Wm. Harvie k Co. 
G. J. Cox . 
Charles Wilson 

Do. 

Waddell & Main 

Do. 
J Wright k Co. 
Pngh Brothers . 
Strode k Co. . 

G. Wright k Co. 

Do. 

Do. 
Haller k Co 
BilUng&Co. . 
H. and C. Davis k Co 

Do. 
W Sugg k Co. 
S. Leoni k Co. 

Do. 

Do. 

Do. 

G. W. Wigner . 

Do. 
Ritchie k Co. . 
J. F. Farwig k Co. 



G. J. Cox . 
8. Ijeoni k Co. 

G. W. Wigner 
Do. 



Exhibitor*! titles, and descrlptioaa 



/Cox's Ventilating Gas Stove ; npright cylinder; Inminoot j^\ 

\ at bottom J 

Dr. Bond's ' Enthermic ' Ventilating Gas Stove (Pattern B) . 
Do. Do. (Pattern A) . 

Dr. Adams' Gas Stove 

Cox's * Regenerator ' Air-warming and Ventilating Gas Stoi* . 

The * New Carlton ' Gas Heating-Stove 

The ' Carlton' Gas Fire 

Dr. Siemens' Gns-and-Coke Fire 

Hislop's < Metallic Gas Fire ' 

Gas-and-Asbestos Stove 

G^s-and-Asbestos Fire • 

Schonheyder's * Sanitary ' Stove 

Dr. Siemens' Gas-and-Coke Fire, with Wrigfat*s Bivalve . 

Gas-and- Anthracite Fire, with Wright's Bivalve 
Gas-and-Asbestos Fire, with Wright's Bivalve • . • • 
Kohlhofer's Hot-air Gas Stoves 

* Sundial ' Gas Stove, No. 66^ 

* Carlyle ' Gas Stove, No. 02 (gas and coke) .... 

Gas-and-Asbestos Stove, No. 02 

Gas-and-Coke Stove 

Gas-and-Asbestos Stove 

* Perfect ' lucandescent Radiator Ga«-Fire .... 

Gkis-and- Anthracite Stove 

Gas Fire, on front 

Gas-and-Porous-Claj- Fire 

Do. (2nd trial) 

* Lax Calor' Ventilating Stove 

George's Gas * Calorigen ' 



Gas Water- He atebs. 



Instantaneous Water-Heater .... 
Do. * do. .... 

) Wigner and Harland*8 hot- water apparatus : 
(^ given quantity of water 21| gallons 
/ Wigner and Harland's hot-water apparatus : 
1^ given quantity of water 2l| gallons 



small bonier,! 



large burner, 



J 
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HEATINCh-APPABATU3, 1882. 
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49 


64-25 


66-42 


4-80 


6-66 


— - 


Coke 
Anthracite 


7~4-l 
6 2/ 


1 2 


8 41 


26-3 


48 


48-50 


64-65 


67-76 


11-40 


17-67 


— 






.i^_ 


120 


48 


49-25 


63-60 


66-59 


6-80 


90 




4 


Asbestos 




— 




95 


48 


61-76 


57-10 


67-91 


380 


60 




4 


Asbestos 


— 






133 


39 


44-25 


48-17 


60-69 


7-66 


10-0 


— 


4 










114 


39 


44 


52-41 


56-26 


6-0 


6-67 


130-76 


« / 
6 


Wood 
Coke 


8\ 
9 12/ 
17 14 






29 


48 


48 


62-82 


66-83 


14-18 


19-33 




Anthracite 


2 6 


12-94 


36-5 


39 


46-25 


61-23 


52-33 


16-37 


10-33 




4 8 


Asbestos 


— 






220 


61 


49-50 


61-63 


620 


7-78 


110 




4 










38-6 


60 


48-60 


62-47 


64-42 


211 


2-0 


— 


4 


— 








66-5 


48 


48-75 


62-14 


53-83 


3-0 


4-33 




4 


Coke 


1 2 






50 


48 


50-76 


64-62 


68-92 


6-22 


7-67 


— 


4 


Asbestos 


— 




— 


82 


45 


4926 


63-89 


56-26 


4-89 


6-33 


— 


4 


Coke 


4 1 


4 


6-15 


73 


45 


490 


52-42 


63 25 


7-67 


8-0 




4 


Asbestos 








149 


45 


49-25 


53-60 


66-33 


11-0 


12-67 




4 


Coke 


4 7 






80 


46 


47-25 


61-89 


64-41 


10-44 


12-34 


— 


4 


Anthracite 




2 


1-67 


77 


60^ 


6025 


64-44 


66-76 


10-44 


14-0 




4 




— 






71 


51 


62-26 


66-47 


68-76 


80 


11-34 




4 


Porous clay 
in balls 


)4 






79 


45 


48 


61-28 


62-75 


4-34 


60 




t« 


6 6 


.— 




108 


47 


6025 


62-72 


54-33 


4-44 


6-67 




4 










34 


46 


61 


66-67 


57-09 


3-34 


3-67 




4 










70-6 


46 

Initial 
tempera- 
ture of 
water. 


60-75 


65-11 

Final tem- 

peratnre a* 

delivered 


67-17 

Rise of 
tempera- 
ture. 


0-67 

Bate of 
delivery of 
water per 

hour. 


1-67 


300 


16 


^^ 








10-3 


63 




108 


66 


45 gals. 






16 




— 






13 


48 




110 


62 


75 „ 






2 10 


• 


— 


— 




20 


46 


— 


71 


26 








1 32 


— 


— 




— 


36 


43 




89 


46 
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IOC TEST8 OF OAS HEATim-APPARATUS. 

i» lirougUt into the stave by a pipe from the outside. A separate supply of fresh air is 
iiitj-odiiced from the outside, in a pipe which is carried into the casing, where it is 
f<>niie(i with two coils, and terminates in an opening at the top, through which the 
beat«d air passos into the room. (Plate 41.) 



2. OFEIf GAS STOVES, OR COMBINATION FIRES. 

No. 8, Waddeli. &, Main. — Dr. Siemens' Gas-and-Coke Fire. The back of the 
firc-placo in covered by a wall-plate of copper, reaching half above the floor-plate of the 
lire and half below. The floor-plate, or 'dead-plate,' is riveted to the wall-plate, and 
ptopB Nhort about an inch from the front bars. Into this interval a ^-inch gas-pipe i» 
laid, drilled with -fi^inch holes, 1 J inches apart at the upper side, inclining inwards at 
an angle of 50° with the vertical, A supply of heated air for combustion is provided by 
the insertion of a kneed iron plate, tinder the dead-plate and near the wall-plate, so 
a> to form a kneed channel, I inch wide, through which the air ascends at the back, and 
then passes horizontally to the front, where it meets the jets of gas. The air is heat«d 
on its way through the passage thna provided for it, and the heating surface is augmented 
by the insertion of a corrugated sheet of copper in the vertical part of the passage, sub- 
dividing it into channels ; so much so that the air, it is said, can be raised to upw^irds 
of 600° F. of temperature. The flame and hot products play upon and are dispersed in 
the body of coke laid upon the dead-plate ; the coke is thus ignited and becomes incan- 
ilescent. After it becomes thoroughly ignited the gas may be turned off. (Plate 42.) 

No. 9. Waddell & Main. — Hialop's ' Metallic ' Gas Fire. A fireclay hollow backing, 
in which iron is mised to give durabiUty, is placed on a solid floor-plate, and is covered 
with asbestos in pieces. Gaa is admittetl within the backing, and is discharged through 
numerous small orifices into the body of asbestos, where it bums, the asbestos being 
raised to incandescence. (Plate 42.) 

No. 10. J. Wright & Co. — Gaa-and- Asbestos Stove. A body of asbestos is heated 
by means of a row of atmospheric gas jets. 

No. 11. Pdgh Brothers. — Gas-and-Aabestos Fire, heated by atmospheric gaa jets. 
No. 13. G. Wright & Co. — Dr. Siemens' Gas-and-Coke Fire, with Wright's bivalve 
grate. 

No. 14. G. Wright & Co. — Gas-and-Anthracite Fire, on Dr. Siemens' system, with 
Wright's bivalve grate. 

No. 13. G. Wright & Co. — Gas-and-Asbestos Fire, with Wright's bivalve grate. 

No, 18. H. & C. Davis & Co.— The *Carlyle' Gas-and-Coke Stove, No. 02, on Dr. 
Siemens' system. 

No. 19. H. & C. Davts & Co.— The 'Carlyle' Gas-and-Asbestoa Stove, No. 0». 
Luminous jets of gas. 

No. 20. W. Sugg & Co.— Gas-and-Coke Stove. 

No. 21. S. Leomi 8c Co. — Ga&-and-.Asbestos Slove, adapted to an ordinary grat«. A 
fireclay back is iunerted, also a fireclay fi^nt tile, behind the bars, a litUe clear of 
thorn. The xpaoc between the two tiles is filled with asbestos, which is healed by 
atmoapheric flames introduced from below. A sheet of atmospheric gas is borned 
agiuntii the face of ihe front tile, which is trimmed with asbestos, and becomes higUy 
hcRtcd and radiates heat into the room. (Plate 43.) 



OAS BASKETS.— WATER'HEATERS. 701 

No. 22. S. Leoni & Co. — Gus-and-Coke Fire, on the same system as No. 21, except 
that coke is supplied instead of asbestos. 

No. 23. S. Leoni & Co. — Gas-and-Anthracite Fire, on the same system as No. 21, 
except that anthracite is supplied instead of asbestos. 

No. 25. G. W. WiGNER. — Gas-and-Porous-Clay Fire, adapted to an ordinary grate. 
The clay is rendered porous by having been kneaded with charcoal and then baked, when 
the charcoal is burned out. A backini? of this clay is placed in the cnrate, and the same 
material in Inmps is Med into the grai. ^' 

No. 26. G. W. WiGNER. — (Jas-and-Porous-Clay Fire, as in No. 25, having larger 
burners. 



3. OAS BASKETS, OR OAS FIRES. 

No. 6. Charles Wilson. — The New * Carlton ' Gas Heating-Stove. A square upright 
structure of glazed terra-cotta, having an open front. A finely perforated metal plate is 
inlaid, inclined backwards, to which platinum wire is attached, and which is backed up 
with a firebrick. An atmospheric gas-burner, placed along the lower edge, heats the 
plate with its backing ; and the heat is radiated into the room. (Plate 43.) 

No. 7. Charles Wilson. — ^The * Carlton ' Gas Fire. A perforated iron plate on a 
backing of firebrick, heated by an atmospheric burner at the lower edge. The apparatus 
is hung on the firont of any grate, and heats the room by radiation. (Plate 43.) 

No. 17. Billing & Co. — ^The * Sun-dial ' Gas Heating-Stove, No. 65^. A square 
upright structure, open in front, having a row of luminous jets of gas at the front, along 
the upper part, the radiated heat of which is reflected from the roof upon a polished 
metal plate inlaid in an inclined position at the back ; from which the heat, together 
with that which is radiated direct from the gas upon the plate, is reflected into the 
room. 

No. 24. S. Leoni & Co. — * Perfect ' Incandescent Radiator Gus Fire. A fire-tile in 
an iron frame, hung on the front bars of a grate, trimmed with asbestos on the &ce, 
and heated by atmospheric gas from the lower edge. (Plate 43.) 



4. GAS WATER-HEATERS. 

No. 29. G. J. Cox. — Instantaneous Water-Heater. A modification of the coil class 
of heaters. Two coils of tube, right hand and left hand, one within the other, are placed 
in an upright cylinder, and a third coil surrounds the cylinder. The coils are sur- 
mounted by two shallow cisterns or hollow discs, into which the cold water is delivered, 
and from which it passes down to and through the coils, from the lower ends of which 
the water is drawn off by a single outlet. The water is heated by the products of com- 
bustion of gas, which ascend the inside of the cylinder, and are conducted downwards on 
the outside of it in an annular space enclosed by an outer cylinder, after which they pass 
upwards into the room. The whole is surrounded by a non-conducting casing. The 
supply of water is regulated by a tap, from an automatic cistern. 

No. 30. S. Leoni. — Instantaneous Water-Heater. An upright cylinder, in which the 
water is heated by four atmospheric gas-burner tubes, at the base, the hot gases rising 
through the cylinder and escaping at the top. A narrow annular space is formed by an 
inner cylinder, into the lower part of which the water to be heated is delivered. The 

f2 



TESTS OF OAS HEATINO-APPASATVS. 

^ater overflows at the upper end, and drops on a series of diapbragms, from one to 
another — towards the centre and the circumference alternately. The heated water ii 
collected at the base, and then run off. (Plate 44.) 

_ Ko. 31 . G. W, WiGNEB. — Wigner & Harland'a Water-Heater ; small burner. The 
" encased in acjhnder of non-conducting material. An atmospheric bm^ier 
at the lower end, and the hot gases ascending within the casing heut 
._ it rises in the pipe. 



iS^o. 32. G. W, WiGSEB.— Wigner & Harland'a Hot-Water Apparatus 
I same as No. 31. 



I large burner. 



Taking the average result of the twenty-one tests of gas heating-apparatus for n 
' in vbich gas alone was consiuned : — 



AverBf^ tempersture in tbe room at the commenMmeDt . 

Avern^ rise of temperature during the tMt . 

Avoroj^ duration of the testa ...... 

Average quantity of gas coDSuned 

Do. do. per liour 

Rise of temperature per culiie foot of gas consumed per hour 

l>o. per 10 cubic feet of gas . 



47-OOP Fahr. 

ilVP Fahr. 

3-00 houra 
83'4 cubic fetl 
21-13 cabicfe«t 

0°-30 Fahr. 

2° Fahr. 



Taking the cost for gas at 3«. Gd. per 1,000 cubic feet, the cost per 10 cubic feet 
per hour would amount to 0-42(i., capable of raising the average temperature 2° Fahr. 

To compare the cost of beating by gas with the cost of heating by coal, the averags 
rise of temperature per potmd of Wallsend coal consumed per hour was found to be 4°"14j; 
Bay 2" per half-pound of coal per hour. Allowing 20s. per ton as the coat of coal, it ~~ 
cost of half a pound would be 0-107(i., itgainst 0'4'id. the cost for gas doing equal dutii 

D. K. OLABK. 
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EEPOET ON TESTS OF GAS COOKING-STOVES, 1882. 

Thibteen gas cooking-stoves were tested for roasting joints from the sirloin, and for 
baking puff pastry, under the supervision of Mrs. Charles Clarke, Lady Superintendent 
of the National Training School for Cookery, South Kensington, who kindly volunteered 
to assist at the tests. The gas was supplied by the Gas-Light and Coke Company. 

The gas cooking-stoves were of four types: — 1st, having jets of luminous gas 
placed inside at the bottom ; — 2nd, luminous gas jets inside at the top, from which the 
heat was communicated by radiation and by reflection ; — 3rd, either luminous or atmo- 
spheric jets outside the oven ; — 4th, atmospheric jets inside at the bottom. 

The annexed Table contains the results of tests of thirteen gas cooking-stoves 
in the order in which they were tested. 

No. 1. Charles Wilson (type 4). A row of atmospheric jets at each side. It boils 
by means of atmospheric jets at the top. It is jacketed by an enclosed air-space 1 inch 
wide; the door is packed .with slag-wool. (Plate 45.) 

No. 2. J. C. Stark & Co. (type 3). Six Bray's jets in two rows, framed to swing 
outwards or under the oven as required. Atmospheric gas is used for boiling, &c. The 
stove is encased with slag-wool 2 inches in thickness. (Plate 45.) 

No. 3. Browne & Co. (Beverley & Wilde) (type 4). Three rows of atmospheric 
jets inside, at the sides, and the back, with atmospheric jets at the top for boiling, &c. 
Lined with 1-inch tiles, and enclosed with a 2-inch layer of slag-wool. 

No. 4, Waddell & Main (type I) (* Universal Domestic '). Four rows of jets, one 
at each side, and front and back. Lined with fire-tile. (Plate 46.) 

No. 5. G. J. Cox (type 4). * Regenerator ' Gas Stove. One side of the oven is 
coated with slag-wool ; the other side is formed with an air-space in which the air for 
suppljring the burners is previously heated. Three rows of atmospheric jets are placed 
at the sides and back, inside. Luminous jets at the top for boiling, &c. Cased in slag- 
wool 2 inches in thickness. (Plate 47.) 

No. 6. B. Giles (type 3). Four luminous Bray's burners at one side only, next a 
narrow boiler which forms one side of the stove, and has a capacity of five gallons. The 
burners can be swung outside when required. The other side and the back are cased 
by an enclosed air-space. 

No. 7. Billing & Co. (type 2). A reflector stove, having luminous jets at the top, 
for which a row of holes is made in a pipe, half of which can be lit at a time. Atmo- 
spheric gas is used for boiling, &c. No extra casing. 

No. 8. W. Sugg & Co. (tjrpe 4). Two rows of atmospheric jets at the bottom, 
one on each side. The joint was roasted on a spit in a copper cylinder placed in the 
oven, in which the spit was turned by means of clockwork. Atmospheric gas was 
used for boiling, &c. 

No. 9. H. & C. Davis & Co. (type 4). Two rows of atmospheric jets, one at each 
side. Atmospheric gas is used for boiling, &c. Encased with slag-wool 1^ inches in 
thickness. (Plate 46.) 

No. 10. J. Dean & Son (type 3). Two atmospheric burners, one to the right at 
the bottom, and one to the left at the top ; so that the temperatures at the top and 
the bottom can be regulated independently. The flame of the lower burner circulates 
through a flue covering the bottom of the oven, the left-hand side, and part of the back. 

•p3 
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110 TESTS OF GAS COOEINQ-STOYES. 

Table XXn.-HESULTS OF TEST 




No. 

tnt 




"-'"«'"-'- 


Tyi«o( 




"^.—.s- 


loan (81111* IS) 


Ilolght 


D^pth 


w„„ 




::p 


Wt<sht kri0 Rw^ 


l«tLBg 


Tempe- 


Joint, 


ntip- 


TcH>l 


l«it« 


1 
3 

4 

. 

it 
10 
11 


Feb. a 
..10 

;; 


Charles Wilson 

J, C. Stark & Co. 
Browne k Co. 
Waddell * Mttin 
G. J. Coi 

B. Giles i Co, 

BilliQg j£ Co. 

W. Bugg & Co. 
H. *C. DuvlsJiCo. 
J. Dean k Hon 
8. Lcmi i Co. 
W. Su(^ & Co. 
J. Wright li Co. 


4 

a 

4 
i 

1 

'} 

i 

3 

4 
1 


m. In, \n. 
27i Ifl 16 

SI 19 30 
34 14 13 
22 14 13A 
24 16^ 16 

12 15 IB 
12} 18 12i 
Pastry oven 
91 1 ISJ 1 m 
Copper cylinder 
26 17 1 ISi 
8 U 12 

ae 18 1 17 

Copper cylinder 
28 1 14 j 14 


12 ' 

16 
19 

26 

2B 

\' 

10 
17 

22 

12 


*-g P. 
250" 

250 
260 
360 
260 

260 

260 

2d0 
250 
260 
260 
2S0 
260 


2 o' 

S 43 
2 33 

2 44 

3 

3 

a 43 

2 40 
2 37 
2 46 
2 26 
2 
2 3 


12' 14 

12 3 
12 8 
18 12 
12 1 

12 11 

12 a 

12 8 

13 12 

10 12 

11 13 

12 6 
12 8 


lt».o». 
9 8 

9 10 
10 H 
9 
9 11 

10 13 

8 

7 18 
9 6 
S 7 
T 6 
9 S 

8 G 


1 3 

1 

1 « 

2 
1 1 

le 
a i 
1 1* 

1 7 

1 < 

2 1 
t R 
2 


lb(.oi. 
lU 11 

11 

la s 
n 

10 12 
U IS 

11 12 

9 10 
10 IS 
9 13 
6 6 
to 11 
10 S 


1 a 1 

1 1! 1 

1 i 1 
U 1 
t 

114 1 

1 IE 1 

IS 1 

a T 1 

1 10 t 
S S 1 


1 


The flame of the upper burner circulates between the top of the oven and the hot plate, 
from end to end, to and fro. The gas and air for combustion are mixed in a chMnber 
covering the upper part of the biSk of the oven. The burners are 12 iDches loug, 
6 inches deep, and 1^ inch wide, on the principle of the Da^7 lamp reversed, so that there 
is no lighting back. They give a sheet of flame \\\ inches by | inch wide, and from 
4 inches to 6 inches high. (Plate 47.) 

No. 11. S. Leosi & Co. (type 4). Three rows of atmospheric jets at the sides nnd 
back. It la encased with slag-wool f inch in thickness. (Plate 48.) 

No. 12. W. SuGG&Co.(tyiie 1). In thistest, the copper cylinder alone (See No. 8), 
was employed for the test, not being placed in the oven. Two rows of luminous jets 
were burned inside the cylinder, one at each side. The joint was turned on a spit by 
clockwork. 

No. 13. J. Wriobt & Co. (tyP® *)• Two rows of burners, one at each side. 
Encased with slag-wool 1^ inch thick. (Plate 47.) 

An interesting series of testa were made, on the suggestion of Mrs. Clarke, with 
a view to ascertain the difference of condition of the joint, if any, relative to the mode of 
generating and applying the heat of the gas stoves. 

For this puqwse four typical stoves were selected, namely, No. 2 (Stark & Co.). 
No. 4 (Waddell & Main), No. 7(Billing & Co.), and No. 11 (S. Leoni & Co.). The four 
qnarters of one sheep were distributed to them, and were roasted at the same time, on 
February 13, 1882. The joints were, when cooked, immediately locked up under the 
charge of Mrs. Clarke, and were kept for several days. On Febmary 20, they were 
examined independently by Mra. Clarke and by her chief assistajit, who formed the same 
opinion of the respective states of the joints. The results were as follows : — 

No. 14. Tyro 3. J.0.8tMk& Co. (No.2). Ug . . . . jiwt going off 

No.lfl. ,, 9. BiUingAOo.(No.7). ShmiWer . . . kd 

Ko.16. „ *. S.LeomSCo, (No. 11). Shoulder . . . not»h«dMUia 

foUowing joint 
No. 17. „ 1. Wftddell 4 Main (Na. 4). Leg ... . wry bftd. 



OAS COOKINO-STOVES. 
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J COOKING-STOVES, 1882. 



PuFP Pabtbt 



rime 

In 

irrein 



min. 
12 

42 
25 
18 
20 

27 

28 

13 
17 
27 
10 
10 
10 



Tempentnre 



On 



dcg. F. 
340° 

300 
300 
300 
280 

310 

310 

320 
340 
320 
340 
300 
320 



Oil 



deg. F. 
380° 

350 
350 
300 
290 

390 

400 

390 
400 
400 
360 
350 
400 



Total 
time 



b. m. 

2 25 

3 40 
3 7 
3 3 
3 35 

3 53 

2 48 



2 
3 



50 
12 

3 37 

3 

2 10 

2 25 



Qas Cosbcmsd 



Heat- 
ing 
up 



cub. ft. 
3-76 

16-56 
2-64 
4*55 
2-95 

8-40 

1-20 

6-24 

aoi 

508 
709 

2-90 



Roant- 
ing 



cub. ft. 
37-66 



Inter- 
val 



cub. ft. 
0-31 



Pastry 



cub. ft. 
3-77 



31-45 
30-36 
39-25 
22-45 



61-0 



0-34 9-26 
38-80 



27-80 
44-10 
46-72 

29-69 



97-76 
0-18 
1-60 
0-97 



301 
7-22 
3-22 

2-41 



Total 
for 

joint 
and 

pastry 



cnb ft. 
45-5 

480 
330 
44-8 
26-4 

79-0 

400 

104-0 
340 
580 
680 
63 
350 



Quality op the Work done 



Joint 



Fairly done 

Very well done 
Well done 
Well done 
Underdone 

Well done 

Well done 

Well done 
Very well done 
Well done 
Well done 
Very well done 
Well done 



Pastry 



Moderate 

Good 
Fair 
Fair 
Fair 

Fair 

Fair 

Fair 
Very well done 
Fair 
Fair 
Fair 
Fair 



RAisnia 5 lA. or Watbr to thb 

BOILDiG PODTP IN 8- INCH COl'PEB 

Standard Pan 


Initial 
tempe- 
rature 


Boil- 
ing 
point 


Rise of 
tempo- 
rature 


Time 
re- 
quired 


Ghis 

oon- 

sumed 


deg. F. 
46° 


deg. F. 
212° 


deg. F. 
166° 


min. 
14 


cub. ft. 
4-50 


48 


212 


164 


30 


4-00 


48 


212 


164 


27 


9-00 


46 


212 


166 


27 


3-20 


48 


212 


164 


27 


3-80 


48 


212 


164 


28 


400 


48 


212 


164 


21 


700 


46 


212 


166 


27 


10-00 


46 


212 


166 


16 


400 


48 


212 


164 


29 


800 


46 


212 


166 


17 


4-00 


62 


212 


160 


20 


6-00 



Three large gas cooking-ovens were tested for temperature simply, as it was 
thought they could not be properly tested by the cooking of one joint only, as follows :— 

No. 18. Oven, by H. & C. Davis & Co., was constructed of sheet iron and was heated 
by three lines of atmospheric gas inside, at the sides and the back, at the bottom. 

No. 19. Oven, by J. Slater & Co., was heated in the same manner as No. 18. 
Air for ventilation enters at the top, passes down within the hollow walls and doors, 
enters at the bottom, passes upwards in mixture with the burned gases, and escapes at 
the upper part. (Plate 49.) 

No. 20. Oven, by Mart & Bradley, was heated by three rows of luminous jets 
fixed to the door at the inside near the bottom. 

For heating the ovens, the gas was turned on at full power in each instance, 
and was regulated from time to time to maintain the temperature at 300** F. for one 
hour. The damper was closed during each trial. 

Table XXIII.— RESULTS OF TESTS OF LAEGE GAS COOKING-OVENS, 1882. 



No. 

of 

test 

18 

19 
20 


Date 


Name of exhibitor 


DimensionB of oven 


Heating np the 
oven 


Coal-gas oonsnmed 


Height, 


Width 


Depth 


Time to 
heat up 


Tempo, 
ratore 


Heating 

up to 

300 deg. 

P. 


Maintaining 

temperature 

at 300 deg. F. 

for one hour 


Total 

oon- 

samed 


Feb. 20 

V 


H. & C. DaviB k Co . 
J. Slater & Co . 
Mart & Bradley . 


ft. in. 

6 3 
4 10^ 
3 


ft. in. 

3 2 
3 7i 
30 


ft. in. 

2 6 
2 6^ 
1 6 


minotes 

19 
16 
45 


deg. F. 
300° 

300 

300 


cnb. ft. 

27 


cub. ft. 

36 


oub. ft. 

77-5 
03-0 
40O 



D. K. CLARK. 



V. REPORT ON TESTS OF DOWSON'S GAS PROTHICER, FOR PRODUCDIG 
CHEAP GAS, AND OF THE APPLICATIONS OF THE CHEAP GAS. 

It ia known that highly-heating non-luminoug gases can be produced by decomposing 
steam in the presence of incandescent carbon ; and Dr. Siemene was the first to demoEBtrat*, 
on a working scale, for regenerative furnaces, the economical advantages of cheap 
gaseous fuel. In Mr, Kidd's apparatus, patented in 1875, the chief novelty consisted of 
a coil of pipe within the generator, in which water was converted into steam, which waa 
passed through the tire and was then decomposed. The calorific value of the gas produced 
in this manner was only one-tifth of that of London gas. Mr. J. Emersun Dowson, 
like Dr. Siemens and Mr. Kidd, passes a mixture of steam and air through a fire ; and 
in addition he employs special means of generating and suijerheating the steam, in a 
simple and uniform manner. The steatn-producer and superheater consists of a long coil 
of tube of such a form that nearly all of it is exposed to the action of gas flame. Wat«r is 
forced, under a pressure of from 20 lbs. to 251b8. i>er square inch, into the coil, in which 
it is converted into superheated ateam. The gas required for heating the coil is drawn 
from the gaa-holder. The retort or generator is of iron, lined with ganister. The fuel 
rests on a grate, above an inclosed chamber into which a jet of superheated steam is 
directed through a small opening, carrying with it, by induction, a current of air into 
the furnace, for combustion. The gas produced contains, by volume, approximately, 
20 per cent, of hydrogen, 30 per cent, of carbonic oxide, 3 per cent, of carbonic acid, 
and 47 per cent, of nitrogen. 

The Dowson Gas-Generator or Producer, A size (Plate 65), exhibited by the Dowaon 
Economic Gas Company, was tested for the manufacture of cheap gas, at the Manchester 
Smoke Abatement Exhibition, May 2, 1882. The anthracite. From Trimsaran, was sapplied 
to the furnace, at the rate of 6 lbs. at a time, until 69 J lbs. in all was charged. The trial 
lasted 3 hours 5 minutes, and at the end of the trial 18^ lbs. of coal were withdrawn 
from the furnace, showing a net consumption of 51 lbs. of coal. The fire was got int« 
working order in 30 minutes after lighting, when 30 lbs, of coal had been charged. 
Deducting the 18j^ lbs. of coal withdrawn at the end of the trial, the balnnce 
(30-18^=) Uj lbs. was the quantity actually consumed in getting up the fire. The 
remainder of the total coal consumed, (51 — 11^ = ) 39^ lbs., was consumed, in actually 
generating gas, in 2 hours 33 minutes : being at the mte of 15^ Ibn. per hour. 

The (juantity of water consumed during the period of test, 3'05 hours, was S'37S 
gallons, or 23'75 lbs,, being at the rate of 7-80 lbs. per hour, and 0-466 lb, per pound 
of ooal consumed. 

The gas was generated at the rate of H77"5 cubic feet, delivered net, per hour, 
being exclusive of the gas consumed in generating steam. This portion of gas is 
estimated at the rate of 100 cubic feet ]^r hour, and makes a gross total of 1,277^ 
cubic feet of gas generated per hour. As the coal was consumed in generating gas at 
the late of 1 5^ lbs, per hour, the following are the quantities of coal per 1 ,000 cubic feet j 

IC'S » I '"2^ - 1213 lbs. per 1,000 cubic feet of gas, pTowi. 

1,000 
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The cost of production of cheap gas may be taken, for A generator, as follows : — 

Anthracite to make gas, at the rate of 1,000 cubic feet per hour, 12*13 lb. 

X 9 working hours per day ^ 109 lbs. or, say, 1 cwt. at I6s. per ton .0 9^ 

Wages 10 

Ifamtenance, 6 per cent, on 125/. per working day 6 

Interest on capital, 6 per cent 6 

Total 2 7J 

Gkw produced in one day of 9 hours 9,000 cubic feet 

Less gas used in the apparatus, say 1,000 „ 

Net gas, for 2#. 7^ 8,000 „ 

Net cost, say, 4td. per 1,000 cubic feet. 

The Dowson Cheap Gras was tested for the production of motive power, and for heating 
and other purposes, as follows : — 

L Working an Otto Gas Engine of 3^ Horse-Power at the Smoke Abatement 

Exhibition, South Kensington. 

The system of construction of the Otto gas engine is described in the report of the 
test of the engine with coal gas. It suffices to say now that the engine is single- 
acting, and makes an explosion of gas every alternate outward stroke. The cylinder of 
the 3^ horse-power engine is 6j-^ inches in diameter, with a stroke of 12 inches. 

The engine made 156 revolutions per minute during the test. The fly-wheel was 
60;^ inches in diameter, and it sustained a net load of 43 lbs. on a belt passed round 
the circumference, proving that 3*26 horse-power was exerted at the brake. 

Several indicator diagrams were, at the same time, taken from the cylinder ; from 
which it was calculated that an effective mean pressure of 53*13 lbs. per square inch 
was exerted on the piston, for each explosion ; making 4*41 indicator horse-power. 

The horse-power at the brake was 74 per cent, of the indicator horse-power. The 
eonsumption of cheap gas was at the following rates : — 

110'34 cubic feet per indicator horse-power. 
149-30 „ brake „ 

The anthracite was consumed at the following rates : — 

13*17 lbs. X -^ . ■1*45 lbs. per indicator horse-power. 

149*30 
13*17 lbs. X * =1*97 lbs. per brake horse-power. 

XyUUU 

The cost for cheap gas for motive power in the test, calculated at the rat« of 4d. per 
1 ,000 cubic feet, was '44^. per indicator horse-power per hour, against 0*95(i. for coal gas 
as deduced from the test of the Otto Gas Engine exhibited by Crossley Brothers, worked 
by coal-gas. 

II. Heating of the Larger Division of the Gas Cooking or Roasting-Oven of 

J. Slater & Co. 

J. Slater & Co.'s Roasting-Oven has already been noticed in the Report on Test^ of 
Gas Cooking-Stoves (page 111). The objects of the test were : to determine the quantity 
of gas and the time necessary to raise the temperature of the oven to 300** ; and the 
quantity required to maintain this temperatiire for one hour. The results for coal gas 
are given for comparison : — 

Q 



TESTS OF DOW^O.VS GAS-PRODUCER. 

Initial teraperatnre of the dr 58° F. 

Oaa coiuiumed in heating- up to 300° F 27 cub. ft. 

Time occupied .......... 15 min. 

Om coDSUDied in miiintaiiiing the tempmture 300° F. for 

ono hoiir 30 cub. ft. 

Total gna coDBumed in 1| hour ...... 63 cub. ft. 

Prewiire nf gas I'2 incbea 

Cwtof gae fir one hour, at tho rate ijra». per 1,000 cubic feet 

fur coat gas, aud id. fur cheap giis I'Scf. 



trv. 

90 cub. ft. 



220 cub. ft. 
»IOcub, ft. 
1-6 incbaa 



III. In a Gas Singeing Machine. 

Blanche's Gas Singeing Msichine, for cotton, woollen, and eilk goods, was exhibited 
by Joseph Bobinaon & Co., Salford, at the Manchester Smoke Abatement Exhibition. 
It waa frequently in operation, supplied with Dowson's Cheap Gas, manufactured in the 
building. It is exhibited also at the Industrial Exhibition, Bradford. The principal 
novelty of Blanche's machine consists in the use of long siit-burners, with large mixing 
chambers, into which gas and compressed air are introduced. The proportions of these 
are regulated by means of cocks, so that the heating power of the flames can be adapted 
to the various kinda of material to be singed. The sjieed of transit of the web can also 
be regulated : varying from 50 to 70 yards per minute. It was not practicable to singe 
a piece of eloth long enough for making a trustworthy trial, as only a few hours could 
be spared for the purpose. 

Data, nevertheless, exist, embracing the results of trials with coal gas ; and it was 
thought that by proving the relative heating-power of coal gas and Dowson gas in 
raising the temperature of water in a trough placed over the slit-burner, a comparative 
test could be made of the proportional quantities of the two gases that would be con- 
Bomed on the same kind of work. The eiperimental trough was made of tin, six inches 
high, six inches wide, and four feet long, open at the top, and having the bottom 
slightly concave towards the flame. The crown of the concave bottom was J inch clear 
of the burner; the lenglh of the flame under the trough was 3 feet 11 inches. The 
air-blast had a pressure of ten inches of water. The inner blue flame, caused by the 
air-blast, was about half an inch high. 

Two gallons of cold water at 57° F. were heated in the trough up to 212° F., tht 
boiling point, in 13^ minutes, with a consumption of 12J cubic feet of Corporation coal 
gas, of 0*7 inch pressure. 

Three like tests were made with Dowson gas : — 



Ttrt 


iBllWIem. 


Tta.<o 


rJr/i^?."- 


""^^^^X^^- 


1 

s 

3 


es 

58 


7mi 
S 1 

8 , 


0. Osec. 
10 „ 
30 „ 


49 cubic feet 
48 „ 
60 



It appears that exactly four times as much of the Dowson Cheap Gas was eonsanaed 
as there niis of coal gas in doing equal heating duty ; and, taking the respective prices of 
the gases at 3«., and at id. per 1,000 Lubic fef^t— in the ratio 0*9 to 1 — it would follow 
that, as only four times as much Dowsun gas was consumed as of coal gas, the cort for 
Dowson gas would be less than half the cost for coal gas. This deduction is confirmed 
by the experience of the exhibitors of the singeing machine, who find that the work is 
dune yiith the Dowson gas at half the cost for coal gas. 

D. K. CL.UIK. 
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VI. REPORT ON TESTS OF APPARATUS FOR HEATING ROOMS AND 

BUILDINGS BY HOT-AIR. HOT- WATER, AND STEAM 

CIRCULATION, 1881-82. 

Thb testing of Kohlhofer's Hot-Air Stove has already been noticed in the Report for 
Open Grates and Stoves (p. 49), and in Table UI. 

WnJJAM White, F.S.A. — The * Shrewsbiiry * Warming Apparatus, exhibited by Mr. 
White, consists of a brick structure enclosing a furnace and air-heating chamber, to 
supply heated air for warming chiirches, schools, and other large buildings. The fur- 
nace is constructed of fireclay slabs 2 inches thick at the sides, and 3 inches at the 
bottom, and consists of a shallow oblong fire-place, surmounted by a rectangular hopper 
at the farther end, into which the fuel is charged at the top, from the front. The fire- 
grate is 17 inches by 21 inches. The hopper is placed in a cubical iron box, formed 
with gills to absorb and distribute the heat to the air surrounding it and enclosed by the 
outer structure of brick. The draught, after having ascended through the fuel in the 
hopper, turns over each side at the back, and descends to the lower part, whence it re- 
ascends by a central flue into a 6-inch iron flue-pipe placed inside the chimney. Fresh 
air from the outside is introduced at the lower part, and surrounds the iron casing of the 
fdmace ; thence it passes into a chamber above the furnace, and into the chimney, 
surrounding the flue-pipe. The lower portion of the chimney is blocked oflF by a par- 
tition plate, through which the flue-pipe passes and conducts the products of combustion ; 
and the warmed air escapes through an opening in a side of the chimney measuring 
14^ inches by 19^ inches, equal to 1*94 square feet in area. 

In this apparatus, the fire does not touch the iron heating-plates ; the whole of the 
combustible gases pass through the incandescent fuel in the retort. 

This air-warmer was tested, January 3, 1882, burning coke as fuel. During a trial 
lasting twenty-three hours, 144 lbs. of coke was consumed, being at the rate of 6;^ lbs. per 
hour. The fresh air entered at a temperature of 47** F., and issued at temperatures of 
from 56** at the commencement to 195**, averaging 141^** during the first six hom-s ; and 
at a velocity of from 75 feet per minute to 320 feet per minute, averaging 244 feet per 
minute, during the same time. At the end of the period of trial, the temperatm-e of 
the issuing current was 85**, and the velocity was 210 feet per minute. The mean of 
these observations, (141^ + 85 = 226^^2 = ) 113** F., and (244 + 210=454-^-2 = ) 227 
feet per minute, are approximately the average temperature and velocity for the whole 
time ; equivalent to (1*94 square feet x 227=) 440 cubic feet per minute, or 26,400 
cubic feet per hour, at 113"* F. 

Tested with anthracite, January 11, 1882, for a period of 22^ hoTirs, the furnace 
consumed 126 lbs., being at the rate of 5*66 lbs. per hour. Fresh air at 50** was heated 
to an average of 197** for the first five hours ; at the end of the trial the air issued at 
140% making an approximate mean temperature of 169**. The average velocity was 
291 feet per minute for the first six hours, and 220 feet per minute at the end of the 
trial, making a mean velocity of 256 feet per minute, equivalent to (256x1*94=) 
49,664 cubic feet per hour at 169^ 

Franklin, Hocking & Co. — The hot-water apparatus for warming greenhouses, halls, 
&c. (Plate 64), was tested in room No. 5, December 10-12, 1881. It consisted of a small 

q2 
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TESTS OF HIIATIXG-APPARATUS. 



stove, connected with two circuit-lines of cast-iron pipes, through which the he«(«l water 
circuhiletl, leaving the stove at the upi>er part and returning to it at the lower part, 
after having twice made the circuit of the room. The boiler is vertical, of the form of 
a truucated cone, made with a shell and a fire-box, inclosing a IJ-inch water-space for 
the circulation of water. It is 18| inches in diameter at the bottom, and 13 inches at 
the top. The grate is circular, 14 inches in diameter. The boiler stands on an ashboi. 
It IB fed from a hopper, consisting of a cylinder 15 inches in diameter and 24 indn-« 
deep, placed on the top of the boiler, delivering into an 8-ineh tube, depending into 
the boiler for two-thirds of the deptb, and surrounded by a water jacket. The npp^r 
cylinder is only employed for long periods of heating. The burnt gases escape diivcl 
from the upper part by a flue to the chimney. The circulating pipes are 3 inches lu 
diameter inside, and have a total length of 160J feet, presenting on the outside 136^ equar* 
feet of area for warming by conduction and radiation. The coils are 5^ inchea apart 
between their centre-Unes, and the centre of the lower coil is 11 inches above the 
floor. (Plate 64.) 

For the test, 2 lbs. of wood and 1 14 lbs. of gas-coke were consumed in 45^ hours, 
from December 10 to 12, the consumption of coke being at the rate of 2^ lbs. per hour. 
The external temperature was 36" F. ; the initial temperature of the room waa 42'; 
the maximum temperature attained in the room, at a height of 6 feet from the floor, 
was 50°, and the average temperature for the whole period was 49°'23. The average 
rise of temperature was (49''-42°= ) 7°'23, being at the rate of 2°-90 per pound of fuel. 

The same system of warming-pijieawas heated by gas, which was burned in a cylin- 
drical vertical boiler, in which the burnt gases rise through a central cylinder, water- 
jacketed, and through annular spaces surronnding it, into the upper part, whence they escape 
into the flue. The test, which was made December 14, 1881, lasted 6 hours 40 minatce, 
with a consumption of 330 cubic feet of gas, being at the rate of about 50 cubic feet per 
hour. The initial temperature of the room was 39° F.j the maximum temperature 
averaged 57°, and (he average temperature during the test was 49°, making an average 
rise of 10". To compare these results with those deduced for gas-heating stoves (Table 
XXI. p. 104), add, according to the rule already practised, one half to the observed 
rise, milking 15°, to give the eiiuivalent rise as for one of the smaller testing rooms : — 



Kn of temperature per cubic foot of gaa per Lour . - . 0°-30 0"-30 

Do. per 10 cubic feeC do. ... 3°-00 3°-00 

W, & S. Deabds.— The Portable Coil Stove was tested January 2, 1882, in ro«n 
No. 2, burning anthracite. It consists of a cylinder of cast-iron, having a coil of pip« 
inside, through which water circulates and from which heat is distributed. The fuel ia 
burned within the coil, on a cast-iron grid. The furnace is surmounted by a hopper, which 
u filled with a supply of coal sutBcient to last 26 hours. The draught ascends from the 
bottom, and passes out at the upper part at the back. The test trial lasted 24 hours, during 
which 34-4 lbs. of anthracite were consumed, being at the rate of 1*43 lb. per hour. 'ITus 
eitemal temperature was 50° F., the initial temperatm^ in the room was 48°, the avtiage 
temperature for the whole period waa 64°'25, showing a rise of temperature avontging 
1 6°'25, being at the rate of 1 1 °'4 per pound of coal consumed per hour. The measure of 
radiation was 5° at a height of 5 feet, at a distance of 6 feet from the fire. (Plate 65.) 

W. &S. DeardS. — The Oi»en Coil Grate is made up of a coil of water-piping — wdes, 
back, and fit»nt — with a cast-iron grid. The two ends of the coil are supposed to bo 
connect«d to pipes leading to other rooms, the water being heated and circulating 
through the piping. This grale wns tested in room No, 2, January 4, 1882, foe 
24 hours. Of anthracite, .'i7-2 Ihs. were consumed — at the rate of 2-40 lbs. per hour. 
The esteroal tempemtuie was 3S° F. ; the initial tomiicrature in the room was 65° j and 
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the average temperature at the walls was 72% showing an average rise of 17% iKing at 
the rate of 7**'10 per lb. of coal consumed per hour. (Plate 65.) 

A large boiler on the same principle, in brickwork, is shown in Plate 64. 

W. Stainton exhibited his Frost-proof Hot-water Apparatus. The stove is cubical, of 
wrought iron, 18 inches square and 30 inches high. The fire-place consists of a coil of 
pipe 2-inch bore and If inch in diameter outside, comprising five rings of pipe, with 
a castp-iron grid at the bottom. The stove is lined with firebrick below the coil and 
above the coil, and also on the roof. The draught proceeds between the upper coils at 
the front, and is split, passing roimd each side of the stove, outside the coil, to the back, 
whence it goes off by the flue. There is an automatic-supply cistern, and a feed-valve, 
and a safety-valve. A branch from the heating coil is led to the cistern ; it is formed 
with a T end, of which the upright part is fitted with two valves, the lower of which is 
the vacuum-i^ve, and the upper is an expansion-valve, which opens when the water 
expands, and provides an overflow into the cistern, afterwards re-closing. The boiler is 
fitted with a pump for supplying it with water, and for extracting air and dirt. The 
heating coil of pipe, of the same size as the piping forming the fire-place, is disposed as 
a rectangular pile of piping about 5 feet long, 12 inches wide, and 2 feet high, making 
a length of 143 feet of pipe. It was placed in the middle of the floor of No. 5 testing 
room, and was connected with the stove, which was placed outside the wall of the room, 
so that a continuous circulation of water was maintained. The test lasted 5 hours, 
during which period 2 lbs. of firewood and 25\ lbs. of coke were consumed, being at 
the rate of 5"05 lbs. of coal per hour. The external temperature was 42** F. ; the 
initial temperatiure in the room was 45° ; the maximum temperature was about 80° ; and 
the average temperature for the whole period, at a height of 6 feet, was 63° : showing 
a rise of 18°, being at the rate of 3°*56 per pound of coke. The pressure maintained 
in the tubing averaged about 640 lbs. per square inch. 

COMPAEISON. 

Summarising the results of the tests of hot-water apparatus, they are briefly as 
follows : — 



Table XXIV.— RESULTS OF TESTS OF HOT- WATER HEATING-APPARATUS. 



Test 

1 

2 
3 

4 


Room 


Apparatus 


Fuel 


rcriixl ol 
test 


Rise of temperature per lb. 
of fuel 


No. 6 

No. 2 
No. 2 

No. 6 


Franklin, Hocking & Co., hot-water 
pipes 

Deards, portable coil-stuve 
Do. open coil-grate . 

Stainton, hot-water tubing . 


Anthracite . 
Anthracite 
Anthrecito . 

Coke 


liUUiS 

45^ 

24 

24 

6 


degrees F. 

[ 21)0 F. actual 
) 4-35 F. equivalent 
11-4 F. 
71 F. 
i 3-56 F. actual 
( 5*34 F. equivalent 



Here, the rise of temperature for No. 5 room has been augmented by one-half, as 
before explained, to bring it into comparison with the rise for No. 2 room. Evidently, 
Messrs. Deards' performance shows by much the greatest rise of temperature per 
lK)und of fuel, though the test lasted little more than half as long as Mr. Hocking's. 
Mr. Stainton's test lasted only one-fifth of the time of Messrs. Deards' ; and, although 
his average rise of temperature was less than Messrs. Deards', yet, regarding the very 
short period of his test, it is reasonable to conclude that, had it been extended to 
24 hours, he would have made as great a rise of temperature per pound of fuel as Messrs. 
Deards have done. 

D. E. CLARK. 
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VII. REPORT ON TESTS OP 

The exhibited steam-boiler appliances are directed for the most part specifically 
to the prevention or consumption of smoke from coal. There are a few which are 
directed to the better general treatment of fuel, not only for effecting complete com- 



Table XXV.— results OF TESTS 

L J 



No. 

of 

test 



1 
2 

3 

4 

6 
6 

7 



8 

I) 

10 

11 



Name of exhibitor 



S 



Chubb & Co. 



B. L. Gk)wthorpe . 

Do. apparatus not at work 



0. Hunter & Co. . 

Do. apparatus not at work 



Ireland and Lownds 

Do. apparatus not at work 



W. Pickering 
J. Comfort h 



Duncan Brothers (Wclton), with giid . 
Do. without j;rid .... 

Do. with grid 

Do. without grid .... 
Do. without grid .... 

B. W. H. Schmidt 



L. Juillard 



Elliott . 

Do. out of .ictioii 



The (Jn*at I^ritain Sinoko C^mauuiiiig Company 
I)i». (»ut of action ..... 

Do. ir) acti'^Ti ...... 

Do. ifi act inn ...... 

Do. out of iiclion ..... 



Date of trial 



8 



Sept. 19, 1881 



Nov. 9 



** 
ft 



11 
11 

24 
24 



it 

t* 
II 

i» 
I* 



tf 



tf 



14 
Feb. 11, 1882 



Jan. 20 
23 
26 
,, 28 

Feb. 1 



•I 



»» 

If 
i» 
II 
II 



Nov. 16, 1881 



II 



19 



Dec. 24 
» 24 

» 28 



II 

II 
II 

»> 
II 
•I 



„ ao 

Mar. S, KSS2 
9 .. 



Time 
under trial 



h. m. 
43 

1 sn 

60J 
1 21 



3 15 
2 40 

6 10 





15 
15 
15 
15 
5 







5 
5 
5 
5 
4 



6 15 



II 



6 
6 
6 
5 
5 



2 

15 

65 







OoAL OonmB 



Descriptloii 



Slack 

Mixed 

Slack 
Do. 

Mixed 
Do. 

Slack 

Do. 

Hard steam 
Do. 
Do. 
Do. 
Do. 

Slack 

Do. 

Do. 



Slack 

Welsh coal 

Do. 

Do. 

Do. 



Total 



6 



Iba. 



594 



431 
580 

613 

672 

784 
930 
678 
840 
672 

640 

560 
1.064 

1.260 

1,232 

896 

704 

672 



P« 



llNL 



SIO 



133 

2J7 

99 

134 

149 
177 
129 
160 
165 

160 

140 

170 



210 
197 
151 
111 
16^ 
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STEAM BOILER APPLIANCES, 1881-1882. 

bustion, but also for improving the evaporative efficiency of the fuel. Results of test^ are 
given in the Table annexed. Exhibits Nos. 1 to 13 and No. 19 in the Table are speci- 
fically directed to the prevention of smoke. Exhibits Nos. 22 to 26 are mechanical stokers. 



STEAM-BOILER APPLIANCES, 1881-82. 
ippUaTicea. 



W4Tn BTAroR4TXD 


Smokb, by Smoke-Scalk 






Itav.. 


ToUl 


Per hour 


Per lb. 
of coal 


Koxi- 

mnm 

density 


Average 
density 


Average 

duratiuu for 

one firing 


Average length 
of time 


Preasureof 

steani, lbs. 

per square 

inch 


Deacription of apparatus 


MUm 


Visible 


No smokt 


• 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


d«.r. 


cnb.ft. 


cnb. ft. 


lbs. 


No. 


No. 


min. 


per cent. 


percent. 


lbs. 




— 


— 


— 


— 


6 


3-6 


0-70 


1-6 


98-4 


60 


Cast-iron air-bridge 


64*> 


82 


290 


306 


{I 


2-6 
60 


100 
C!ontinuoas 


2 

100 


98 \ 


60 


Cast-iron air-bridge 


— 


— 


— 


— 


6 
9 


30 
63 


300 
4-50 


20 


80 


38 r 


Cast-iron bridge and fireclay 
arch perforated 


43 
43 


42-6 
47-0 


131 
17-6 


616 
605 


4 
10 


20 
6-75 


4-25 
9-60 


43 

84 


57 
16 


45 
28 


Cast-iron air-pipes at bi idge 


Mill 1 1 


90*6 

101-6 

6022 

65-74 

62-66 

66-8 

42-1 


14-7 

20-33 

11-47 

10-62 

10-3 

10-8 

10-3 


9-20 

9-44 

4-78 
3-73 
4-84 
4-23 
3-90 


9 

8 

1 
4 

1 
2 
2 


4-33 

3-20 

0-33 
2-70 
0-40 
100 
•60 


7-60 
Continuous 

Continuous 
Continuous 


27 

100 
100 


73 
100 





23 
45 

20 1 

20 

20 ► 
20 
20 J 


Hollow fire-bars passing air 

to bridge 
Hollow fin -'jars passing air to 

bridge. 

Asbestos grid in Hue to inter- 
cept and burn smoke 


..M 


— > 


— 


— 


8 


30 


60 


40 


60 


48 


Jet of steam above the door 


^^ 


71-3 


17-8 


800 


8 


3-4 


2-5 


16 


86 


48 


Steam and air above door 


— 


111-0 


18-2 


6-70 


10 
10 


2-22 
3-60 


2-25 
160 


22 


78 
100 


40 1 


Steam and air at sides of 
furnace 


M 
4S 


137-6 
162-3 
132-6 
101-0 
72-23 


22-8 

260 

22-4 

20-20 

1806 


6-81 
8-20 
9-22 
8-84 
6-70 


2 
4 
6 


10 

2-53 

2-1 


or,o 

Continuous 
600 


4 

100 
40 


96 



60 


42 1 
42 J 
42 
40 
41 


Steam and air through tubes 
at front of furnace 
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Table XXV.— RESULTS OF TESTS OF STEAIH 



of 
tert 



12 



13 



14 



15 
16 



18 
19 

20 



21 



Nomt of exhibitor 



W. A Martin k Co. 
Do. 
Do. 



Do. 



Do. (reduced grate) 
A. C. Engert, horizontal boiler 



Do. 
Do. 



do. 
do. 



A. C. Engert, yertioal boiler 

Do. do. 

J. Ck>llinge (Blocksage) . 
J. Farrar & Co. • 



17 J. Wavish 
Do. 



Liyet*8 Boiler and Furnace Company * 

G. Haller and Co., in operation 
Do. common grate . 



E. G. W6ry, in operation 
Do. not in operation 
Do. in operation 



Do. not in operation 



J. M. Stanley 



Data of trial 



8 



Jan. 18, 1882 

., 20 H 

»f 21 „ 

Feb. 17 „ 

Sept. 20, 1881 



.. 28 
Nov. 1 

» 17 

» 21 

Oct. 19 

Nov. 26 



Sept. 9 
Oct. 12 



Sept. 22 
Oct. 31 



» 

ft 
»f 

9* 

n 
ft 

$t 

tf 
if 



Jan. 1882 
6 



ff 



ff 



>f 



18 



17 



f» 
If 



w 



April 3 



99 



Time 
under tri«l 


4 


h. m. 


6 


4 18 


6 6 


6 10 


4 10 


2 19 


2 60 


2 63 


4 49 


2 


4 47 


3 48 


6 17 


6 


6 13 


6 64 


3 60 


6 60 


6 


6 


(evapora- 
ting 4-23) 


6 


(evapora- 
ting 4*18) 


3 21 



COAI.00M 




Nixon 
Northnmbrlnd 

Do. 

washed small 

Do. rough 

Northambrlnd 

Hard steam 

and slack 

Hard steam 

Do. 

Do. 

Do. 

Slack 

Do. 

Hard steam 
Wear fuel 

Aberdare 

Rhondda 

Welsh 

Do. 

Hard steam 
Do. 
Do. 



Do. 



Slack 



2,188 
S,016 
2.968 

2,576 

1,799 

342 

429 
604 

104 

101 

1,400 

972 

918 
917 

833 

1,960 
1,241 

303 
391 
282 

365 



276 



SSI 



410 
147 

in 

174 
21'f 
606 



ITS 
ISS 

134 

264 
324 

62 
65 
66-4 



n 



82^4 



IL Mi 



23 
24 
25 



26 



The Patent Steam Boiler Company 
G. Sinclair 



Knowles and Ilalstead 



Spreading firet. 



J. Pn)ctor 

Do. hand-firing 

J. Newton k Son . 
Do. hand-firing 



Oct. 26, 1881 
Dec. 15 „ 
Nov. 18 „ 



»» 



10 
10 



Oct. 20 
., 20 



»» 

If 



M 


— 


7 


3 


5 





4 


43 


2 


50 


3 






Slack 



Do. 



Slack 
Do. 

Do. 
Do. 



1,650 
903 

2,012 

1.400 
1,:>08 



233 



180-6 



613 



4^ 
522 



' See jil>o results of te^t9 of v:irioU!i WoNI 
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NOES, 1881-82— (amtmued). 


I. Ficced Appliances — {continued). 




Watxb Btaporated 


Bmokk, bt Bmokx-Scalb 


Prpssureof 

steam lbs. 

pcroquare 

inch 


Description of apparatus 


■^ 


Total 


Per hoar 


Per lb. 
oZooel 


Mazl. 

mom 
density 


ATerage 
density 


ATerage 

duratiou for 
one firing 


AveragA length 
of time 


[« 


Visible 


No smoke 




10 


11 


IS 


18 


14 


15 


16 


17 


18 


19 


r. 


oiib.fL 


cob. ft. 


Ibi. 


No. 


No. 


minntes 


percent. 


per cent. 


lbs. steam 






400 
363 
400 


66-7 
82-1 
80-5 


11-69 

10-87 

8-66 


3 
4 
2 


1-2 
22 
0-75 


100 
220 
100 


6 

13 

3 


941 

87 

97 


Atmo- 


Balanced fire-door 




869 


71-0 


8-90 


2 


0-90 


l-Ol 


9 


91 


spheric 






881 


77-0 


11-14 


4 


1-80 


6-60 


43 


67 








48-3 


20-82 


8-76 


4 


1-60 


50 


45 


55 


30 ' 

30 f 
30 J 






61 
62 


21-54 
21-40 


8-81 
7-62 


2 
4 


12 


110 
1-60 


12 
12 


88 
88 


Swirel-shutter, internal 




6-26 
7-06 


1-30 
3-63 


3-76 
4-34 


2 


100 
210 


Nearly 

continuous 

Do. 






100 
100 


30 -^ 
30 J 


Side firing 




147 


30-72 


6-55 














100 


Atmosph. 


Inclined brick furnace 




106 


27-7 


6-76 














100 


33 


Stage-furnace of brick 




120-2 
118-8 


22-7 
23-4 


8-06 
7-87 



4 




1-8 



2-25 




18 


100 
82 


20 \ 
35 / 


Vertical grates within fur- 
nace 




163-7 


26-3 


12-25 














100 


., { 


Deep fire-bars, and enlarging 
flues 




2878 
1886 


41-6 
41-4 


916 
7-98 


2 




10 



2-60 



12 



88 
100 


40 
40 


Short fire-bars 9 inches long 
Common grate 




86-9 
27-8 
27-7 


633 
4-63 
630 


7-41 
4-43 
613 


6 

9 

10 


30 
6-6 
80 


Continuous 
Do. 
Do. 


100 
100 
100 







20 \ 

20 

20 


Atmotpherio chimney 




22-6 


6-58 


3-87 


10 


80 


Do. 


100 





20 J 






19-8 


6-9] 


4-48 


10 


322 


1-67 


n 


92} 


27 


Vertical retort-furnace 

























— 


— 


— 


4 


20 


140-4 


20-0 


536 








1835 


26-7 


9-22 


10 


44 


424 


89-25 


8-99 


5 


2-6 


— 


— 


— 


10 


6-7 


192-6 


6800 


8-44 


_ 


— . 


1963 


6545 


7-67 


— 





Continuous 


100 











100 


26 


16 


84 


Continuous 
If 


100 
100 






— 


— 


— 



35 

50 
70 



95 
95 

— — Atmosph. 



If 



Knap's mechanical stoker ; 
coking fire 

Coking fire ; flash flue 
Holroyd-Smith*s under-feed 



Shovel-spreading stoker 
Hand-flxmg 

/Spreading fixe with hot-air 

\ blast 

Ordinary spreading fire 



in this boiler, in the Report on Results of Tests of Fuels. 
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FIXED APPLIANCES. 



1 



No. 1, UmiBB & Co., consists of a hoUow easHron bridgs, applied at the back of ttw 
furnaces of intern ally-fired boilers, senu-circular in oatline, and leaving a Bemi-annalar 
flue-way between the bridge and the upper part of the boiler. The bridge is faced 
with a thick fire-tile nert the fire, and it is formed with three transverse slits about 
an inch wide, through which etreams of heated air are dehvered successively into the 
currents of gases from the furnace as they pass over the bridge. Tntennixtore la thns 
effected, and the combustion of unconsuined gases is promoted. A separate current of 
air is admitted into the front part of the bridge, and is delivered obliquely downward?, 
through apertures, above the fire. Air is admitted irom the ash-pit into the bridge, 
and the supplies are regulated by means of two valves. This apparatus was tested while 
at work at the East London Waterworks, Old Ford ; at the O-andle Works of Messrs. Field, 
Lambeth ; and at Mr. McMurray'a Royal Paper Mills, Wandsworth. In each case the 
system was effective to a material degree in preventing smoke. The reault* of obser- 
vations on the smoke at the last-named place are recorded in the Table, showing that 
smoke was visible for a very limited proportional period — namely, 1'60 per cent, m the 
whole time. But the rate of combustion in the boilers at that establishment was modeist«, 
and the consequent quantity of smoke to be prevented was also moderate. (Plat« M>.) 

No. 2, E, L, GowTHORPE, ' West's Smoke Consumer,' comprises a hollow cast- 
iron bridge, in the backward face of which a wide horizontal slot is formed close to 
the upper part, through which a stream of air, admitted from the anh-pit, is delivered 
horizontally, falling in with, and gradually commingling with and eonsuming, the com- 
bustible gases passed over the bridge. An additional supply of air is delivered from h 
long slot in a tube carried across the flue, a little behind the bridge, to which the air is 
led through a pipe from the front of the boiler. This system, as employed at and tested 
at the works of Messrs. Sylvester & Co., Nottingham, was remarkably effective in prevent- 
ing smoke, smoke being apparent for only 2 per cent, of the time, and there not being 
any smoke for 98 per cent, of the whole time. The boiler was 64 feet in diameter and 
20 feet long, having two flue-tubes 2^feet in diameter. For comparison, the same ftimaoe 
was tested in ordinary condition, when the apparatus was put out of work. The resnlta, 
given in the Table, show that smoke averaging No. 5 on the scale lasted all the time. 
But the evaporative efficiency, taken together, with and without the apparatus, was low, — 
only 3'05 lbs. of water evaporated per lb. of mixed coal, large and sm^. (Plate SO.) 

No. 3. G. Hunter & Co. — This apparatus consists of a hollow cast-iron bridge, having 
a slot across the top of it for the emission of warmed air upwards to meet the gases from 
the fire ; and, in addition, a hollow brick arch turned in the flue a short distance beyood 
the bridge, from which streams of warmed air were discharged into the flue above the 
combustible gases proceeding from the bridge. The combustible current was thus 
encountered by air from above as well as air from below. The preventive action in this 
system, in operation at the works of Messrs. Hebbert & Co., Leeds, was very comridemble, 
iu comparison with the work of the same furnace when the apparatus was put oat of 
operation, as is indicated in the second Une of No. 3 in the Table. The boiler wu 
7 feet in diameter, having a 3-feet fire-tube. 

No. 4. Irklasd a Lowkps.— This apparatus consista of a number of cast-iron pipes 
of r-form, one limb of each of which is laid upon the bridge, the other limbs hanging 
down in front of the bridge. The pipes are closely laid 80 as to form a bridge of cast- 
iron. Air from the ash-pit is admitted into the tubes at the lower end, and, being 
heated in iti" progress, is discharged ihrough finely divided grids at the upper put at 
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the farther end, where it meets the combustibk' gases fixim the furnace. This apparatus 
was applitd to the boiler at the works of Messru. I'lowes & Stafford, Leek. The boiler 
is 5 feet ID diameter aud 16 feet long, having a flue 2 feet 4 inches in (iiameter. The appa- 
ratus was very efficient in consuming smoke, although it appears in the Table that 
smoke was visible during 43 per cent, of the time. But, looking to the denseness and 
persistence of the smoke when the apparatus was blocked up, as shown in the second line 
of No. 4, it is obvious that the system did great execution in improving the combustion 
of an obstinately smoky fuel, and in augmenting its evaporative efficiency (column 12) 
from 5-05 lbs. of water per lb. of slack, without the apparatus, to 6-15 lbs. with it. This 
contrast should be taken with the qualification that the rate of combustion (column 7) 
was forced up to a much greater degree without the apparatus than with it, helping 
I»artly to account for the inferiority of evaporative efficiency. But it ap[jears that 
steam of only 28 lbs. per square inch was maintained without the apparatus, against 
45 lbs. with it, (Plate 51.) 

No, 5. W, Pickering. — This apparatus consists of hollow fire-bars, through which 
air is admitted at the front of the furnace, from beneath the dead-plate, and from which, 
being turned upwards at the end, the heated air is discharged close to the bridge into 
the current of combustible gases from the furnace, in order to consume them. Addi- 
tional supplies of air are admitted between the fire-bars, at the bridge, mingling with 
the heated air from the bars, in the rising portion of the bars. Another bridge or wall 
is conatmcted in the flue, at a abort distance behind the ordinary bridge, through which 
a circular opening is made, for the concentratiou of the gases after they have passed 
over the first bridge: so promoting combustion, at the same time that the current is 
deflected downwards, and prevented from striking the boiler. This apparatus was tested 
at one of the boilers, under-fired, at the Boyal Albert Hall ; but the supplementary bridge 
was not constructed. 

No. 6. J. CoRXFOHTH. — ^Thifl apparatus, resembling Pickering's, consists of hollow 
fire-bars discharging the heated air which passes through them into a hollow bridge 
made with cast-iron gills, to form conduits for the delivery of the air upwards over the 
bridge. This system was tested on one of the boilers, under-fired, at the Royal Albert Hall. 

No. 7. Duncan Brothers. — Welton's apparatus consists of an iron grid laid 
diagonally within the internal flue of a I,ancashire or a Cornish boiler, beyond the 
ordinary bridge, the lower end inclining towards the bridge. This grid is covered with 
small lumps of asbestos, the function of which, being heated to redness, is to intercept 
and intermingle the smoke and air passing iroia the furnace, and effect their combustion 
by imparting heat to the miitm-e. This apparatus was tested on a Cornish boiler, 
erected in the Exhibition, without external flues, and without covering: the gaseous 
products proceeding from the internal flue direct to the chimney. The boiler was 
4 feet in diameter and 14^ feet long, having a 2j-feet fire-tube. The evaporative effi- 
ciency (column 12) was materially augmented by the emjiloyment of this asbestos grid. 
But, further experience of the apparatus, in boilers properly set and under ordinary 
conditions, is needed to afford data for a final judgment on it. The proportion of 
Tiflible smoke also was diminished by its use. (Plate 52.) 

No. 8. B. W. H. Schmidt. — In this aiJixiratus steam is led by a pipe from the 
boiler into a small chamber placed inside the furnace, just above the doorway, from 
which the steam is discharged in streams over the fire, in the direction of the bridge. 
The fire-door is at the same time kept open two or three inches, so that air entering 
there is drawn in and dispersed by the streams of steam amongst the gases in the 
furnace. This apparatus was tested on one of the boilers at the Royal Albert Hall. 

No. 9. L. JuiLLARD. — Jets of steam are discharged from a hollow globe through 
B 2 
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l)c;rfur:itiooB from above the doorway. Over the fire, air is alao permitted to flow with 
the Htoam iDto the furnace. This apparatus was tested on oue of Uie boilere at the Boysi 
Albert Hull. 

No. 10. J. Elliott. — In this apparatus, air is introduced from the ash-pit, through 
passages constructed in the sides, into horizontal tubes placed just above the level of 
the fire, and directed obliquely towards the bridge. A jet of steam is delivered through 
each tube, and draws or induces the air with it, so as to be mixed with the combuf^ble 
gases rising from the fire. There is also a means of intercepting a portion of the 
escaping gases from the back of the bridge, with the object of burning them over again. 
This system was successful to some extent, in diminishing the smoke, as m.ay be gathered 
from a comparison of the smoke-scale when it was not in action with the eraoke-scale 
when it was in action. It was tested on one of the boilers at the Eoyal Albert HolL 

No. 11. Tbe Great Britain Smoke-consuming Company.— 0. D. Orris's system, 
in which air is introduced into the furnace above the fuel, through three tubes at tlic 
front, over the doorway. The outer ends of these tubes are directed downwards. A jet 
of steam at the bend of each tube is discharged through the horizontal limb into the 
furnace over the fire, so as to draw and drive currents of air into the fire amongst the 
smoke, with the object, at the same time, of accelerating the draught over tbe bridge. 
In burning slack, there was no evidence of efficiency for preventing smoke; in burning 
Welsh coal it appeared that the evaporative efficiency was increased by the employment 
of the apiwratus. But as it did not appear to exercise any distinct influence for the 
promotion or the diminutiou of smoke, the favourable result can only be attributed to 
the mixing action of the steam-currents, effecting the combustion of carbonic-oxide, and 
augmenting the draught ; and, in consequence, the mora active combustion of fael sod 
the evaiKjration of more water. The apparatus was applied to a Cornish boiler con- 
stnieted by Fraeer & Fraser. 

No. 12. W. A. Martin & Co. — ^This apparatus consists of a fiire-door hung in the 
door-frame on pivots at the iipjier part, and balanced by counterweights, so as to remain 
at rest in any position. After u fresh charge of coal has been delivered, the door is swung 
open to a limited extent, easily determinable, so as to admit a wide and thin stream of 
air into the ftirnace, traversing the dead-plate, and flowing over the surface of the fire. 
The grate-bais consist of plain wroiight-iron bars \\ inch square, which reach forward 
under the dead-plate, below which they are laid at a clear distance of I J inch. By 
this arrangement an additional current of air is admitted below the dead-plate into th« 
burning fuel. (Plate 52.) 

The Martin door is fitted to the boilers at the Pumping Station, Brixton, of the 
Ijimbeth Waterworks. The trial boiler is 7 feet in diameter, and 28J feet lonfc 
having two flues 33 inches in diameter. The grates were 5^ feet in clear length, 
having an area of 15 square feet each — together 30 square feet— for the Ist, Stnd, Srd, 
and 4th trials, and were reduced to a length of 3 feet 9 inches, with a united are« of 
20*6 square feet, for the 5th triiil. The steam was generated under atmospheric pressure. 

These trialw were made with a twofold object — to test the efficiency of the Martin 
door, and to test tbe comparative values of Nixon's Navigation coal and Northumberland 
BteJim coals. The combustion of the Northumberland coal is shown to have been 
accompanied by little more smoke than that of the Nixon's. The smoke-making quality 
of ihe North-country coal was tested in the cotu-se of the trial on January 19. when it 
was found that, keeping the doors closed, the smoke produced after firing lasted 9 minutes 
against 2*20 minutes when the door was adjusted with h suitable extent of opening. 
The maximum smoke-shade was No. 9J against No. 4, and the average shade wn« No. 7 
against No. 2-20. This was evidence also of the efficiency of the Martin door for pre- 
venting hrooke. 
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No. 13. A, C. EfTfiEHT. — This appnratua, designed for a horizontal, under-fired, 
cylindrical boiler, consists of a shutter of two leaves in one casting, pivoted at the bend 
to the upper part of the furnace mouth. When the door is opened for charging, the 
incandescent fuel is pushed back upon the grate ; after which the inner end of the 
shatter is lowered upon the fire, Jn order to prevent a ritsh of cold air into the furnace, 
whilst the fuel is charged partly on the dead-plate and partly on the fore part of the 
grate, When the door is closed, the shutter is raised a few inches off the fire, so that 
the gases distilled from the fresh coal, together with a stream of air admitted under 
the door, are passed close over the iire and burned together. The results of the 2nd 
and 3rd trials show almost entire prevention of smoke. The trials were made on the 
boiler at Mr. Engert's Compo Works, Three Mills Lane, Bromley-by-Bow, in which the 
grate was 7 feet long and 2^ feet wide. (Plate 53.) 

No. 14. A. C. Kkgebt. — This apparatus consists of two coking boxes, applied one 
to each side of a vertical boiler, for gradually coking and feeding the fuel into the 
furnace, by pushing it into the furnace. A small boiler of this description was tested 
at the Eihitiition. The smoke was very slight, averaging No. 1 and No. 2 on the 
scale. (Plate 53.) 

No. 15. J. CoLLiNGE. — Blocksage'a apparatus, exhibited by Mr. Collinge, consists 
of an inclined grate and rectangular firebrick furnace for the combustion of the fuel, 
erected outside an internal-flue boiler, at the front. The products of combustion pass 
direct into the flue. This apparatus was t«ated as applied to a Cornish boiler, 5^ feet 
in diameter and 14 feet long, at Brick Lane Brickworks, Dukinfield, The grate waa 
2 feet 1 inch wide and SJ feet long, with a supplementary grate at the lower end, 
making up a total length of 4 feet 11 inches and an area of 10^ square feet. The 
door was kept close, hut air was admitted to the fire through an opening under the 
dead-plate, 1 ^ inch deep, for the whole width of the grate. The brickwork waa 
maintained at a while heat, and the result was an absolutely smokeless chimney. 

No. 1 6, J, Farrar Sl Co. — Barber's stage-furnace exhibited is, like Blocksage'a 
apparatus, constructed outside the boiler, at the front. It was tested on two Cornish 
boilers al the works of Mr. Farrar, Barnsley, 7 feet in diameter and 25 feet long, with 
3^ feet flues. The furnace consists of three shelves 3^ feet wide, arranged one above 
another, 9 inches clear of each other. The uppermost shelf is the shortest, the one 
below it is longer than it, and the third is the longest. The three shelves thus form a 
eloping bearing for coal. They are supplemented by short grates reaching down from 
each shelf to within a few inches &om the one below. At the lower end, a short, grate 
is provided for the reception and removal of clinker anil ash. The fuel used was hard 
smodge, a very fine slack ; and, when the fire was made up, it became a sloping fire. The 
fuel was stoked on each shelf independently, and gently pressed inwards and under the 
incandescent fuel without breaking up the fire. The system of stoking was, in fact, 
under-feeding. The furnace was worked absolutely without any escape of smoke from 
the chimney. (Plate 54.) 

No. 17. J, WA\^SR. — This system is applied to two Cornish boilers, 5 feet in 
diameter, 16 feet long, with a 33^inch tube, at the Oil and Stearine Works, West 
Ham. It consists of a central water-tube, by which the furnace is divided into halves 
longitndinally : two level dead-platea, one on each side, extending the whole length of 
the furnace, and two upright grates, 9 inches high, 3 feet 5 inches long, one at each side 
of the water-tube, reaching from the tube to the dead-plates. The fuel is charged upon 
the dead-plates, piled half-way up the horizontal tube, and thus the vertical grates are 
covered by fuel. The in-draught sweeps through the grates across the fire. The result 
of the teat was apparently complete combustion, with an entirely smokeless chimney. 
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in burning hard steam-coal. Hall's patent fuel was also teated, and the resolt, as 
indicated in the Table, was a nearly smokeless chimney. (Plate 55.) 

Evaporative trials had been made on the boilers under notice by Mr. Felton. tlie 
manager, before the application of the Wavish system to them, and immediately aft rt 
the application, in June 1879. The same coal was used in both these trials ; it was ot 
the same description as was used in the official tests. Each trial lasted 24 hours : — 



Showing that about 20 per cent, less coal was consumed with the Wavish grate tbM 
with the ordinary grate, whilst 8 per cent, more water was evaporated. 

No. 18. Livet's Patent Improved Boiler and Fcrnace Company. — The Byatea 
of steam-boiler and furnace exhibited by this Company is described ip the account of 
the boiler on the premises of Messrs, Clay, Sons& Taylor (page 134), which wa« employ«d 
for the testing of Welsh coals and anthracites. This system, though not jiro- 
fessedly a smoke-preventer, possesses nevertheless a considerable degree of eflficient7 
for preventing smoke. It is stated by Messrs. Tate & Sons, Sugar Refiners, Silveitown, 
that, according to their experience, the evaporative efficiency of tlieir boilers, bumiog 
6 cwt. of coal per hour per boiler, has been increased from 6'39 lbs. of water supjiUttd 
at 66° F. per pound of coal, to "■40 lbs., by the substitution of Mr. Livet's system of 
setting boilers. The results of performance of the testing boiler at Messrs. Clay & Cc's, 
which has been at work on Mr. Livet's system for three years, are given in the Iteport 
(IX.) on Results of Tests of Fuels (jjage 136). (Plates 55, 56.) 

No, 19. Cr. Haller & Co. exhibit Kohlhofer's fire-bars, which are constructed in 
short lengths of 9 inches. The bars are formed triangularly, in side elevation, with an 
opening in the middle for lightness. They are easily removed when required, and are 
not liable to suffer from excessive eiijansion. The results of the tests which were 
made at the works of Messrs. Stafford Allen & Co., City Road, London, show that more 
water was evaporated per pound of coal burned on these bars than on the previoui 
grate of common bars. The old grate bars had been much worn away, and allowed, 
perhaps, an excess of air to pass into the fire, with waste of fuel falling through the gmte, 
circumstances which may account for the difference. (Plate 57.) 

No. 20. E. O. W£rt. — Wery's apparatus, known as the Atmospheric Chimney, is 
designed to accelerate the combination of the atmospheric oxygen and unconsomed 
gases which rise from the fire at a high temperature. For this object, a winding or 
rotating movement is impressed upon the elements in the chimney, which, it api>enn, is 
extended to the body of gaseous elements in the furnace ; so that in winding the gaws 
spirally instead of ascending direct, more time is provided for mixing at a high M-m- 
perature, and the mixture is better effected. This function is most simply exemplified 
in the case of vertical boilers having cylindrical iron chimneys. The tests were made 
on a vertical boiler having a fire-grate of five square feet in area. The lower part of the 
chimney was encased in a jacket for a height equal to three diameters. The eztcruol 
air Was admitted into the jacket at the base, and in ascending it entered the chimney 
through two spiral slits -Jj inch wide at the base, gradually enlaiging to ^ inch in width 
at the top of the jacket, each slit making one revolution. The air entering through tlie 
slits mingled with and communicated a winding movement to the ascending hut gasr^ 
which appeared to be extended downwards by inducement to the body of gas^-s in the 
fire-box, wherein, when the door was opened, the circling movement could be olisen'ed. 
It appears from the results of the test*, which were made repeatedly, that the evaporative 
efficiency of the same boiler was increased by more than one-half by the application of 
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this contrivance. From the results of independent trials made by M. Gibanlt, at Paris, 
in April 1880, it appears that while steam was got up in a portable boiler fitted with 
tbe W^ry chimney in 1 hour 18 minutes, with the ordinary chimney the time required 
to get up st*am was 2 hours 2 minutes. (Plate 58.) 

No. 21. J. M. Stanley.- -A furnace external to the boiler, in front of it, being an up- 
right rectangular chamber or hopper of brickwork, filled with slack. The lower part is 
the furnace, in direct communication, by a short brick flue, with the flue of the boiler, 
into which all the products of combustion are discharged. It is perforated at the front 
wall for the admisaion of air in horizontal currents, which traverse the incandescent 
fuel, bum it, and pass through to the boiler-flue. This system was tested as applied to 
the Cornish boiler at the works of George Fletcber & Co., Poplar Iron Works, The 
boiler is 4 feet 7 inches in diameter, by 12 feet 4 inches long, with a flue 2 feet 
6i inches in diameter. The hopper is 3 feet wide by 10^ inches deep horizontally, and is 
6 feet 7 inches high, inside the brickwork. There are two rows of openings 4^ inches 
square, four in each row, in the front face, through which air for combustion is 
admitted, subject to regulation by a slide. Air is supplied, when required, through an 
opening, controlled by a valve, in the lower side of the flue communicating to the boiler. 
Whilst the furnace continued in steady action, it was perfectly smokeless ; but, in con- 
sequence, as it appeared, of the unsuitable form of the hopper, the fuel did not descend 
freely, and it was necessaiy to probe and drive it downwards from lime to time, to 
supply the place of consumed fuel. On these occasions dense smoke was emitted ; 
but this was promptly reduced when the air-valve at the back was opened. 

No. 22. J. SuETHLTiST. — An apparatus for purifying smoke from sfeam-boilers. 
Shutting off the connection with the chimney, he diverts the products of combustion, 
by means of an exhausting rotary pump driven by the engine, through a cistern of water, 
where the black particles are precipitated, and also, it ia said, the sulphurous acid ; and 
whence the current ia exhausted and is discharged through a pipe into the atmosphere. 
The smoke thus puriiied is of a light blue tint as it is discharged, and is free from deposit- 
able matter. Mr. Smethurst's apparatus comprised a small vertical boiler, 16 incht;s in 
diameter externally, Uned with firebrick at the grate to form a furnace 7| inches in dia- 
meter, in which the coal — hard steam — was burned. The vapours were discharged through 
a 6-inch pipe. By the result of a test, conducted for twenty minutes, it appears that coal 
was consumed at therateof 23 lbs. per hour, andwater was evaporated at the rat« of 90 lbs., 
or about 1 J cubic foot, per hour; and that precipitating water was consumed at the 
rate of 27 cubic feet per hour, having been raised in temperature from 60° Fahr. to 
ISO" Fahr. 
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The admission of air above and beyond the fire for the pretention of smoke is a 
well-known expedient, which has been adopted in various forms ever since the modern 
steam-engine was invented. It has, too, long been recognised that the heating of such 
extra supply of air prior to its emission into the fiimace and flues, for the maintenance 
of a sufficiently high temperature during combustion, in conjunction with intimate inter- 
mixture, is of the first importance for the completion of the combustion of the gasea 
discharged from the fire. The employment of means in various forms for effecting this 
object — the maintenance of a sufficiently high temperature — constitutes, accordingly, 
Uie chief speciality of the systems of smoke -prevent ion furnaces now exhibited. 

Messrs. Cucbb & Co. (No. 1) employ for this purpose a massive cast-iron bridge, 
exposed to tbe heat of the furnace, into the int«rior of which the supply of air is ad- 
mitted, and from which the air is delivered in three thin sheets. The considerable 



area of heating sniface thua developed must operate beneficially in warming the air 
preparatory to its delivery above the bridge, further augmented as it is by the semi- 
circular projection of the bridge upwards, contracting the thoroughfare over the bridge 
to a semi-anuular form ; and not only augmenting the surface, but also insuring more 
immediate iut^rmizture of the gases and the air. This upward semi-circular extension 
of the bridge is a notable feature of Chubb's system. 

Mlt. GowTHORPE {No. 2) has Devertheless succeeded in preventing smoke to at 
leaat as great a degree as Mr. Chubb, by projecting a single sheet of air horizontally 
&om hia cast-iron bridge. But it appeajs to be wanting in economy of fuel when the 
quantity of water evaporated per pound of coal did not exceed 3 Ilia, Mr. Gowthorpe's 
system is also at least as effective for smoke- pre vent ion as that of Mh, Hunter (Jio. 3), 
who has elaborated a double supply of air, the combustible gases passing between 
the under-current of air from the bridge, and the upper subdivided current from the 
arch beyond the bridge. 

But Messrs, Ireland & Ixjwnds (No, 4) effected a better contrast by their system of 
close-set iron pipes at the bridge, in which the air-supply was heated as it passed to the 
far end of the pipes, and was delivered in thin streams through grids, Compaiing 
the action of this air-bridge with that of the ordinary bridge, it is seen that it 
reduced the maximum density of amoke from No. 10 on the smoke-scale to No. 4, and 
the average density from 6-75 to 2-0. 

Mb. Pickering and Mr, Cornfobth (Nos. 5 and 6) employ hollow fire-bars, through 
which air in passing to the bridge is heated. They did not make much reduction of tie 
normal quantity of smoke. It is likely that in consequence of the frictional resistance to 
the passage of the air through the tubes, the supply of air was deficient ; thongh, no 
doubt, the air that passed became highly heated, 

Mr. Pickering's system, in its entirety, has, since the tests were made, been 
inspected in operation applied to inside fire-tube steam boilerB at the Nubian Blacking 
Manufactory, Snow Hill, and at the Hackney Wick Confectionery Works ; where it operated 
in preventing smoke, whilst, the steam-pressure waa maintained. 

The results of the performances of Mr. Welton's asbestos grid (No. 7), behind the 
ordinary bridge, are interesting, but they are not conclusive. Undoubtedly, the effi- 
ciency of the fuel was augmented by the agency of the grid, under the special canditions 
of the boiler, which was not set in brick, and from the flue-tubes of which the gaseous 
products flashed direct to the chimney. But steam-boilers are not nsually worked in 
this condition. 

The systems (Noa. 8, 9, 10, ll)of Schmidt, Juilurd, Elliott, and Tdb Great 
Britain Company are all based on the long-known action of jets of steam in inducing 
currents of air to follow and accompany them. The air is thus blown over the surface 
of the fire, and its intermixture with the combustible gases and the consequent com- 
bustion are accelerated. None of these systems has, in the course of the tests, proved 
specially successful as a smoke-preventer j though M. JuiUard's appeared upon the whole 
to be the most effective. 

Messrs. Martin it Co,'s fire-door (No. 12) is tolerably efi'ective as a smoke- 
preventer, of the simplest constraction j adapted not only for stationary boilers, but 
also, being perfectly balanced, for marine boilers. 

Mr.Engert's swing-shutter inside the furnace (No. 13) was, when carefully managed, 
entirely succeasful in preventing smoke for low rates of combustion. The average tint* 
of smoke recorded in the Table are very light ; and smoke was only emitted when the br 
end of the grate became uncovered and cold air was passed into the fire-place. It in 
apparent that the shutter interferes to some extent with the free phiy of the stoking 
implements. 

Ms. Engebt's system of coking-firing (No, 14), by a gradual feed of fuel, was very 
Bueeeasful is preventing smoke. But it acted in this respect most efficiently when the 
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rate of combustion was lowest, as indicated in the Table : a rather inconvenient charao 
teristic, since it tends to impose a limit on the gross evaporative performance of any 
given boiler. 

The Blocksage system (No. 15), of an external furnace in firebrick, and F^RRiR'a 
system (No. 16), also external, and in firebrick, were both worked with facility and with 
success in exhibiting absolutely smokeless chimneys. They both depend upon the highly 
heated reverberatory surface of firebrick encloaing the burning fuel, for completely 
burning the fiiel and preventing smoke ; in heating the air and the gases that flow 
onder the roof of the furnace, and maintaining the high temperature which is so 
conducive to completeness of combustion. 

Mr. Wa visa's system (No. 17) is another of those in which the combustion of coal 
was complete, and the chinmey was absolutely smokeless. It is distinct from the others 
which have just been referred to. The incoming air, sweeping horizontally the incan- 
descent fuel, is highly heated, and carries with it highly heated gaseous products, all of 
which are mixed with, and so heat, the smoke-gases discharged from the comparatively 
fresh coal at the surface of the hre. In consequence, the mixture, having been detained 
at the surface of the fire by the horizontal sweep of the draught, is raised to a high 
temperature, which is maintained till combustion Is completed. In testing the Wavish 
system with Weardale Steam Fuel, a light smoke was occasionally visible for a minute or 
two. The stoking of this furnace did not demand any special caxe on the part of the 
stoker. The means of actively circulating the water about the furnace have been 
found by the manager of the Oil and Stearine Works to be beneficial in the preven- 
tion of scale. Mr. Wavish's system is suitable for locomotives, aa well as for marine- 
boilers. 

In Mr. Li vet's system (No. 18) of setting boilers, it is not at first sight obvious that, 
by the employment of expanding flnes of a special shape and construction, a materially 
better action of the fomace and boiler should be effected. It has, nevertheless, been 
ascertained by many instances of resetting on Mr, Livet's system, that the draught has 
been improved and the evaporative efficiency augmented. By referring to the tabulated 
results of the tests of Welsh coals (Table XXV.), it will be seen that, in the boiler 
at the works of Messrs. Clay, Sons & Taylor, which is set and fitted on Mr. Livet'a 
principle, very high evaporative efficiencies of fuel have been attained. The large capa- 
city of the flues, it may be added, affords exceptional facilities for inspection of the boiler. 

The Wt&T system of atmospheric chimney (No. 20) merits a few words of special 
notice. The unexpected advantage gained by its employment on the vertical boiler 
exhibited is certainly a study for the mechanical philosopher. 

Mr. Stanx-ey's hopper-system of external furnace (No. 21) is an exemplification of 
the system of gradual preparatory distillation of fuel as a means of preventing smoke. 
For the piactical development of the system, action more nearly antomatio is required 
for feeding down the fuel than the irregular action which now exists. 

Mr. Smethcrst's Smoke-purifyer (No. 22) was effective in cleaning the smoke ; but 
it is open to the objection that as much as eighteen times the quantity of water con- 
verted into steam was consumed in the operation. On a larger scale, probably, it would 
work more economically. 
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Mechanical stokers are divisible into two classes : those which operate by delivering 
the coal at the front, and coking it gradually as it is pushed backward on the fire-grate, 
and those which operate by spreading or scattering the fuel over the surface of the 
grate. 

S 



No. 23. The Patent Steam Bon^K Compact. — Knap's Mechanical S<oker 
(ClasB I.). — In this mechanical stoker, the hopper from which the fuel is fed, ie provided 
with a slide, by which the supply to the crushing and feeding roller may be varied or 
entirely cut off. After passing the roller, the coal falls down an Inclined plane to the 
front of the pusher, which delivers it on to the dead-plate, and thence to the fire-bara, five 
of which are movable and six are fixed. The movable bars are hooked at the front end 
and rest on a cross bar, to which a horizontal reciprocating motion and a slight vertical 
movement are given by a pair of side-levera working on a pivot. These levers also give 
motion to the pushers. The mechanism is simple and well arranged. (Plate 58.) 

No. 24. George Sinclair {Class I.), — In this apparatus, the coal is fed into the 
furnace from a hopper, and thefeedisvariedby the adjustment of the stroke of the ram to 
from 1^ inches to 4 inches. The fire-bars are in live sections, each section consisting of 
three bars, of which the outer bars are flanged, and the centre bar is of the herring-bone 
form, interlocking with the inner edges of theonter bars of the section, which are similarly 
serrated. The far end of the centre bar is bevelled, and rises on a cross bearer aa it is 
pushed hack, so as to break up clinkers at the fiuther end of the fnmace. The motion 
of the fire-bars and the ram is taken from a live-throw crankshaft placed in front of the 
boiler, from each crank of which a short eomiecting-rod gives motion to a section of 
three bars. The shaft is driven by a spur-wheel and pinion, and a belt-pulley, and cao 
be thrown out of gear by a clutch. The speed of the crankshaft is one revolution in 
1 } minute. The apparatus was tested at the Exhibition, on a Cornish boiler 5^ feet in 
dmmeter, 14 feet in length, with a flue tube 3 feet in diameter. The boiler wbb not set 
in brick, nor was it covered ; and the burned gases passed direct through the tnbe to 
the chimney. (Plate 58.) 

No. 25. Knowxes & HalStead. — ' Holroyd-Smith's Helix Furnace Feeder' 
(Class I.). — The alack fuel from the hopper descends into a horizontal trough laid across 
the front of the boiler, at or about the level of the fire-door, in which it is traversed by 
means of a screw-movement. From this trough the fuel drops into three longitwUnal 
troughs passing into the fire-place, and connected by perforated castings to form the gTat«. 
The fuel is moved by screws in these grooves into the fire-place, where it is at the same 
time lifted by the action of the screws and laid over the surface. The longitudinal 
screws are double-threaded, of from 8 inches to 10 inches in pitch, 5 inches in diameter 
at the front, and 2^ inches at the far ends ; and they are 4^ feet in length. They make 
one turn in 38 seconds. (Plate 59.) 

No. 26. James Proctor (Class II.), — In this mechanical stoker a single hopper 
is placed between the two flues of the boiler. A ram at the bottom of the hopper piishes 
the fuel alternately to the right and to the left, along two horizontal passages lending to a 
shovel-box at each end, facing the fines. From each box, a shovel, actuat«d by the re- 
lease of a spiral spring, projects the coal into the fiimace. The shovels are withdrawn 
to a different extent in each of three successive strokes by three cams giving a different 
degree of extension to the springs, thus imparting a different velocity of projection to 
the coal, and causing it to &11 on a portion of the furnace varied for each of the thn^ 
successive strokes. The springs can be adjusted to give the impulse required, and the 
imiiact of their recoil is softened by buffers. A flap-door is provided for hand-firing 
when required. Thefire-barsare rocked byahand-lever in frontofthefumace. (Ptat»60.) 
According to a recent improvement, Mr. Proctor applies a motion for moving every 
alternate fire-bar. A crank-pin is fixed in a worm-wheel driven by a worm on the tiani*- 
ver«e shaft, by which two levers are moved up and down, from which, with a swivel-joint, 
K rocking shaft carrying the ends of the movable bars is worked. The movablv ban 
Hm- and fall half an inch at the front ; and at the far end they slide on a horizontal 
bearer. (Platp* 61, 62.) 
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No. 27. Jabies Newton & Son (Class II.). — Small coal, or slack, from the hopper 
is dropped into a small receptacle over the door — near the roof of the door — from which it 
is propelled into the furnace by a blast of heated air, delivered at short intervals, from a 
pipe which traverses the flues of the boiler, and through which the air is driven by means 
of a &n. (Plate 63.) 

T. & T. Vicars' Mechanical Stoker (Class I.): has been inspected at work. It 
is described in page 26. 

The Chadderton Ironworks Company's (McDougaH's) Mechanical Stoker (Class I.) 
also was inspected. It was tested in connection with the Manchester Smoke Abate- 
ment Exhibition, and a description with the results are given in the Report for that 
Exhibition. The chief peculiarity of this stoker consists in the motion for the fire-bars, 
which are controlled by an * eccentricated shaft,' which carries their outer ends, and com- 
municates a travel of \ inch to and fro. (Plate 74.) 

REMARKS ON THE MECHANICAL STOKERS. 

It may be observed in the few results of tests given in Table XXV., that the only 
mechanical stoker which worked with complete smokelessness was the coking stoker of 
G, Sinclair (No. 24), tested at the Exhibition, on a Cornish boiler. As the experimental 
lx)iler was not set in brick, and as the products of combustion passed direct through the 
tube to the chimney, the rate of evaporation of water was comparatively low ; but, for, a 
flash flue, it was, under the circumstances, very efifective. 

The Patent Steam Boiler Company's (Knap's) Stoker (No. 23) comes next in 
order of eflSciency for prevention of smoke, but it showed a constant average smoke — 
No. 2 by the scale. It was tested at the Chalk Works, Grays, Essex. 

Knowles & Halstead's (Holroyd-Smith's) Stoker (No. 25), tested at the printing 
works of Messrs. Unwin, near Ludgate Hill, showed still more smoke, due to the necessity 
for frequently levelling the fire, which was, in consequence of the mode of feeding back 
the fuel by isolated propelling screws, raised into ridges. 

James Proctor's Shovel Stoker (No. 26), tested at Heyworth's Weaving Shed, 
Blackburn, showed an average light, though continuous, smoke, which was less than half 
of what was produced in hand-firing. 

J. Newton & Son's Stoker (No. 27) was tested at New Royd Mills, Oldham. The 
test-boiler was one of three in a line ; and as the fan was not powerful enough to supply all 
the three boilers at once, one of the three was fired by hand. It was, in consequence, 
nearly impracticable to distinguish accurately the discharge of such smoke from the 
chimney as might have arisen from the test-boiler. The smoke was, so far as was ob- 
served, very light in shade. There was 10 per cent, greater evaporative efficiency by the 
use of the mechanical stoker, compared with hand-firing. This result is corroborative 
of the report of the Chief Engineer of the National Boiler Insurance Company, by whom 
the boiler had previously been tested. 

Of the systems of Mechanical Stokers which have been tested, as above recorded, 
that of G. Sinclair (No. 24) was the steadiest in action, and was the only one which 
was worked without the interference or the occasional aid of the shovel or the rake. 
The excellence of the stoker was also proved by the complete absence of smoke, 
already noticed, and by the efficient manner in which it transported and rejected the 
heavy masses of clinker that were formed. 

D. K. CLARK. 
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Two tests of Ga* Enginea were made, — Otto Silent Gas Engines, iu both iostaneei. 
One teat was made of the 2 borae-power Otto Engine, exhibited by Crosaley Brothers, 
consuming coal-gns. The other test was made of a 3^ horse-power Otto Engine, 
exhibited by the Dowson Economic Gas Company, canBuming the Dowson Cheap Gas. 
This gas forms the subject of a special report (page 112), in which the results of the test 
as a motive power have already been communicated. 

The Otto Silent Gas Engine, of 2 horse-power (plat« 66), exhibited by Croestey 
Brothers, is a ' half single-acting engine,' horizontal, in which the motive power is exerted 
only on one face of the piston, of which the other face is open to the atmosphere ; and is 
exerted at every alternate stroke only. The cylinder is 5^-* inches in diameter, with a 
stroke of 12 inches. The piston is 8 Inches in length, and the engine makes, at the regular 
speed, 160 revolutions of the crank-shaft per minute. The cylinder is water-jacketed, to 
keep down the temperatiu-e ; although it is estimated that a loss of 42 per cent, is thus 
incurred. A mixture of air and gas, in the proportion of 1 6 to 1 , is adopted, in order to 
ensureslownessof combustion, with, in consequence, a deliberate and continuous pressure 
on the piston during the stroke, analogous to that of an expansive- working steam engine. 
The cylinder is filled during alternate strokes with the mixture. On the return stroke, 
the mixture just admitted ia compressed until it reaches a pressure of 35 lbs. per square 
inch. At this pressure, the mixture explodes, and, to ignite it, a strong mixtiue is 
provided at the touch-hole. The mixture continues burning throughout the following 
stroke. For both heavy and light duty, the exploaive mixture is of the same proportions. 
But, for light work, the engine may misa two or more strokes without an explosion taking 
place, according to the work to be done. The frequency of explosions ia regulated by 
means of a simple governor. The engine was tested on a friction- brake, by means of an 
indicator connected to the end of the cyhnder, during a period of 40 minutes, when six 
indicator-diagrams were taken from it. The initial pressmre in the cylinder varied from 
112 lbs. to 130 lbs. per square inch above the atmosphere pressure. The pressure on 
exhausting, near the end of the stroke, was about 28 lbs. per square inch. The speed 
averaged 156-4 revolutions per minute, making 78'2 explosions per minute. The 
effective mean pressure on the piston waa 62'74 lbs, per square inch. The area of the 
piston was 25*41 square inches. The length of the stroke being 1 foot, the power of 
the engine was equal to (25-41 x 62-74 x. 1 x 78'2-i- 33,000= ) 3-78 indicator horse-power. 
Gas was consumed at the rate of 100 cubic feet per hour, equivalent to(100-f-3-78=) 
26'45 cubic feet per indicator horse-power per hour. Taking the number of explosiona 
per hotir equal to (76*2 x 60 = ) 4,692 explosions, the quantity of gas consumed for each 
eiploaion was (100 x 1,728-1-4,692 = ) 36-8 cubic inches, or -^ cubic foot. It ia stated 
by the exhibitors that the engine had not previously consumed more than ^ cubic foot 
of ga« per charge. A leakage may possibly have existed in the connections whilst tha 
engine was under test. 

The resuhs of performance of the Dowson cheap gas in the 31 bor8e^)ower Otto 
gine may here be recapitulated. The average speed waa 156 revolntions per minute, 
ting 79 exjdosions per minute. The indicator power was 4-41 horse-power; and 
0*84 cubic feet of gas were consumed per horse-power per hour. 
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li appears that, of the Dowson gas, 4*1 7 times the volume of coal gas was consumed 
per horse-power per hour. Taking the respective costs per 1,000 cubic feet at 4td. and 
38., or as 1 to 9, the relative costs per horse-power are as 4*17 to 9, showing that the 
Dowson gas does the same work for less than half the money. 

Clerk's gas engine, though it was not tested, may be briefly described. It was a 
single-acting engine, of 2 horse-power, having a 4-inch cylinder, with a stroke of 8 inches, 
and making 200 revolutions per minute. Aii explosion takes place at every out^stroke, 
the mixture of gas adopted being 9 of air to 1 of gas, admitted for the first half of 
the stroke. During the second hsdf-stroke, pure air is admitted. In order to effect 
the explosion at every out-stroke, a displacer-cyiinder is employed. The charge is 
compressed till a pressure of 38 lbs. per square inch is attained, when it is exploded 
and bums during the out^stroke. The exhaust takes place near the end of the stroke, 
and as the piston returns, the pure air of the charge is exhausted through the pipe, 
which is cooled. 

D. K. CLARK. 
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The steam boiler in daily operation at the printing works of Messrs, R. Clay, Sons 
& Taylor, Bread Street Hill, Queen Victoria Street, Loudon, vna, with the pertnie^iuu 
of the proprietors, selected to be the tcBtiug boiler. It was started at work on 
September 1, 1879, and was illustrated and described in 'The Engineer,' May 28, 1880. 
It is of the Lancashire or double flue-tube type. The shell is 7 feet in diameter, and 
18 feet in length ; the two flues are 2 feet 9 inches in diameter at the furnace, and 
reduced conioally to a diameter of 2 feet 4 inches at the far eud. There are two chaxue- 
teristic features in the plan of this boiler — the invention of Mr. Fountain Livet, One 
feature is the form of the seating and the proportioning of the flues. The boiler is set 
upon two cast-iron stools, extending between which a central partition wall is built^ 
finished with a course of bull-uose bricks, which are in contact with the lower side of the 
boiler, though they do not take any of the load. The flues, right and left, with a 
winding draught, are made successively larger in sectional area as they advance from 
the fire-tubes. That is to say, the first external flue, leading to the front, is larger in 
sectional area than the internal flue-tubes taken together ; and the second eitema] flue, 
leading from the front to the back, at the other side of the boiler, is larger than the 
first flue. The chimney, likewise, is formed with an expanding sectional area towards 
the top. Two cajiacious pits are coustiucted, one at each end of the boiler, tor the 
collection of dust and soot. The second special feature is the fire-grate; the fire-lmrs 
are made of great depth — about 12 inches — and of a long wedge-formed section, so u 
to facihtate the iu-draught of air into the fire, and to warm it aa it ascends. That 
they may not be subject to breakage by unequal expansion, the fire-bars are constructed 
in two parts, upper and lower, longitudinally fitting together to form one bar. Mr. 
Livet shows that, by the adoption of such arrangemeute, the draught is improved, and 
a greater proportion of heat is absorbed by the boiler, in consequence of the diminishing 
velocity of the current, as compared with the velocity in a system of flues of uniform 
area of section. (Plates S5, 56.) 

The fire-grates are 22 inches in width, being 1 1 inches narrower than the fire-plaoe. 
The dead-spaces at the sides are filled with cast-iron plates. The grates are 5 feet in 
length, and have together a working area of 18 j square feet. The fire-bars are made 
in two lengths, and there are 15 in the width. They are 1 J inch in thicknesa at the 
dead-plate, and I| inch at the bridge, with air-s^Htces averaging ^ inch wide. The 
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fire-bars are from 10 inches deep at the front to 12 inches deep at the back ; they are 
flat at the top, and grooved. 

The boiler is coated with Leroy's composition, 3 inches in thickness. The boiler 
was fed with New Biver water, which under ordinary conditions deposits a hard scale. 
But the formation of scale was here prevented by the use of plates of zinc suspended 
within the boiler. Mud and sand were deposited at the bottom. The boiler is, in 
ordinary practice, cleaned out every three months. As the tests were carried on over a 
long period of time — ^upwards of three months — samples of steam from the boiler were 
tested from time to time for priming water in mixture with the steam. The results 
of these tests proved that there was little or no priming in the steam. For instance, 
on the 22nd and 23rd December 1881, just before the boiler was washed out, the results 
of four tests showed an average of less than 1^ per cent, of the whole water supplied 
as priming, thus : — 

Dec. 22, 1881 Priming 1-60 per cent. 

>; 22, „ „ 1'33 „ 

99 23, „ „ 0*00 „ 

w 23, „ „ 2'00 „ 

Average 1*23 „ 

On another occasion — in March 1882 — within a week after the boiler was cleaned 
out, the results of two tests were as follows : — 



March 31, 1882 Priming 1-39 per cent. 

„ ...... „ Ow „ 

Mean 0*70 „ 



In view of these evidences of the general purity of the steam, it may be assumed 
that the tests of fuels were worked under uniform conditions of the boiler. 

Each test was completed in one day, lasting usually for periods of from 7^ hours to 
8 hours. The feed-water was measured from a large rectangular tank, where the tempera- 
tures at the beginning and the end of the experiment were taken. The coal was weighed 
out 1 cwt. or 2 cwt. at a time, and broken into manageable pieces which were usually 
charged into both fires, ^ cwt. to each, one after the other. Occasionally, 2 cwt. was 
charged at a time, in the case of anthracites ; and occasionally the firing was alternate. 
Before the trial was commenced, the fires were allowed to bum down until they were 
ready for fresh stoking. The levels and condition of the fires were noted, together with 
the level of the water in the boiler ; also the time ; then the trial was held to com- 
mence, and a charge of coal was delivered. Towards the end of the period of trial, the 
fires were again let down imtil they were ready for fresh stoking, care being taken that 
they should be, as nearly as could be ascertained, in the same condition as at the com- 
mencement, also that the water-level in the boiler was the same as at the com- 
mencement. The trial was then held to have terminated. The time was noted ; the un- 
consumed coal that was weighed out, if any was left, was weighed back ; the clinker 
was cleared from the grate, and both it and the ash from the ash-pit were weighed. 
The level of the water in the tanks was again measiu-ed, and the fall of level 
and the quantity consumed were determined. The temperature of the burnt gases as 
they passed away to the chimney was gauged at short intervals by means of a pyrometer. 
The smoke-shade at the chimney-top was noted. The standard working pressure was 
that of 60 lbs. per square inch at the safety-valve. 

Six of the tests were made with one of the steam boilers at the Brixton Pumping 
Station of the Lambeth Waterworks, fitted with the fire-doors of W. A. Martin & Co. 
The ostensible purpose of these tests was the testing of the fire-doors ; and, incidentally, 
the occasion was improved for the purpose of, at the same time, testing the steam coals 
consumed* The boiler is described in the notice of the tests of the Martin doors (p. 124). 



One test was made in conjanction with the t«st of J. Wavish's npright fire-grat^ in 
a Lancashire boiler, at the works of the Oil and Stearine Company, West Ham, noticed 
in the Report on Steam Boiler Appliances (p. 125). 

The leading results of the tests of coals are stated in Table XXVI. The tests of 
antbracites and Welsh steam coals, Nob. 1 to 37, and teats N"S. 43 and 44 of two artificial 
fuels, were made with the testing boiler at Clay & Co.'s printing works. The five tests 
Nos. 38 to 43 were made at Brixton Pmnping Station, and the last teat. No- 45, ma 
made at West Ham. 

The anthracites of the Anthracit-e Coal Company were, in general, rough of fracture, 
and friable. The most efficient of them for the ratio of the evaiwraled water to the 
fuel, according to column 16 of the Table, was No. 7, the Brass Vein anthracite, from 
Ystradgimlais, by which I4"23 lbs. of water was evaporated per lb. of fuel from and at 
212° F. At the end of the eight hours' trial, there was but little clinker and ash, and 
the clinker did not adhere to the fire-bars. This anthracite proved, in fact, to be one 
of the best of all the samples that were tested, in combining evaporative efiSciency 
with maintenance of pressure and ease of stoking. Nos. 8 and 10, anthracites, from 
the 4-feet Vein of Evans and Bevan, proved to be the poorest of all the anthracites that 
were tested : the steam pressure could not be maintained, as the grate was encumbered 
with ash and clinker, which required to be frequently sliced, although it parted without 
difficulty from the bars. 

The Cawdor anthracite. No. 15, swelled to a small extent in the fiimac*— an 
indication probably of a slightly bituminous nature, — ^though it was entirely smokeless. 

The Dynant anthracite, No. 16, was hard, and it broke with a clean fiBcture. It 
burned brightly and evenly, with a strong heat. The damper was filed at * half-open,* 
and it remained in this position during the test. The clinker was easily sliced off. 

The Trimearan samples, Nos. 1 7 and 1 8, from the 9-feet Vein and the 4-feet Vein of 
the Gwendreath Valley, behaved diff'erentiy. No. 17 yielded more beat and evaporated 
more water than No, 18, but it burned less freely. 

Table XXVI.— RESULTS OF TESTS OF ANTHBACTE 



The Anthracite Cool Compas; . 



Tbe CkwdoT Collltr; Compui; , 



4-reel Vein, TrtiadfnnlaU 
Wbite Vein, TMradgaclail 
9-feet Vein (Evang and fiena) 
rpacock Vein, Gwano-Cae-Guiwoii , 
Black Vein, TstiadgnidaJ* 
Big Vein, Qwum-t^e-Oorwen . 
BroRB Vein, Ystrad(ninl»i« 
4-feet Vein (Evans and Benn) 
t-feet Vein (Gtaiui and Bevan) 
Bi^ Vein, Amnuui VaUef . 
aijnmoch .... 
p.lect Vein, MaeerniftrchoB 
Timber Vein, Bwmuca Vafley . 
Bed Vein, Ammui Valley . 
Cairdor Colliery 
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Beginning with tlie first of the Welsh coala, No. 19, Graigola coal, was one of a 
series of five coals exhibited by Cory, Yeo & Co. It was a hot-burning coal, expanding 
quickly as it became heated, and burning off quickly. It was very friable — the only 
sample that was very friable, — and it would have better suited an easier draught. No. 
20, Graig Merthyr, was a very hard coal, which lay as it opened, without any enlargement of 
volume. No. 21, Clydach Merthyr, burned much more freely than the two preceding 
samples. No. 22, Velindre Merthyr (Birch Rock), ia a hard coal, and bums like 
anthracite, rather dark on the top. No. 23, Hill's Merthyr, was the last of this aeries, 
Noa. 20, 22, and 23 were the hardest, and were preferred to many other samples. 

No, 24, Mardy, 4-feet Seam, is a very hard coal, It burned solidly and it did not 
swell at all. It approached the stronge-st ant.hracite in hardness. Incandescent lumps 
broken in the fire showed black in the interior. 

No, 25, Joseph's Dunraven Merthyr, is a coal of good quality. It breaks softly, and 
it opens up in the fire like a cauliflower. 

No. 26, Llest coal, is a free-burning coal. No. 27, Gwraaman, burned Uke the 
Mardy sample, fiercely hut slowly, showing black inside when broken in the fire. It 
delivered much fiame and heat immediately after a firing. 

Several private tests, Nos. 28 to 35, of Aberdare Rhondda steam coal, the fuel usually 
consumed at Clay &Co.'s printing worke,have been included in the Table. They were made 
with a view to testing the comparative evaporative efficiency of the boiler io its varying 
conditions of cleanness or muddiness. The first sample. No. 28, was the sample supplied 
direct by the Company for an oflScial test. No. 29 test was made at an early date, for 
the special purpose of testing Mr. Livet's system, on which the boiler was set and fitted. 
In this instance, as io all the tests that followed — Nos. 30 to 35 — the samples were 
taken as required direct from the coal-heap in the boiler-shed. The maximum of 
evaporative efficiency, attained in No. 29 test, was probably achieved by special attention 
to the damper, keeping it nearly close during the time the doors were open for stoking. 
The last of the series. No. 35, was made with coal consisting in great portion of small 
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Table XXVL— RESULTS OF TESTS OF A^XTHHAO 



Eihibltoi^ dMcripUoD 



The Dynant Colliery Company. 
Tlie TrimsMMi Colliery Company 



I 7 56 
T 65 



StaallydTeln .... 
9-feet Tem, Onendreatb Valley 
i-teet VeiQ, Gwecclreath Valley 



rLocket'fl Merthyr Steam Coal"! 

\ Company 
The Dnnraven Colliery , 
The Cwmaman Coal Company , 
Do. do. 

{Aberdare Rbondda Bteam Coall 
Company 
/Do. SpBoiid trial of Li^et's sys- 
\ tern on the some boiler 
Private trial 
Do. 
Do. 



Mo-T. 3 S in Qraigola 

Oct. 19 6 16 Graig Metthyr .... 
" "'■ Clydach Merthyr 

Velindce Merthyr (Birch Bock) 
Hill's Merthyr .... 
Mardy, 4-feet Seam, Little Bbondda 
Joseph's Dnnraven Merthyr 
Llest. No. 3 Ithondda Vein 
Cwmaman, Upper i-teet Seam 
Aberdare Bhondda . 



Do. 



do. 



Willianu k Co. . 
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Edford Colliery Company 

J. Hall, Jour.* Co. . 

tfnfine ttopptil tor 10 minalM to cool benringn. 



Graigola Merthyr piUnthiel . 
Patent Sanitary fuel . 
Weardals Steaa fuel . 
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this inetanoe, was decidedly less than 



coal and slack. The evaporative efficiency, ii 
that of the samples of roond coal in the series. 

No. 28 sample, Aberdare Jihondda, though not hard, yet bameJ slowly and 
thoroughly, leaving a fine light-coloured ash. The flame was bright and wldte. 

No. 34 sample gave a moderately long white flame, with considerable heat. A small 
proportion of small coal and slack was in mixture. 

No. 36, Duffryn Aberdare, was a friable sample. It burned freely, making a shoit 
white flame. It swelled in burning, and appeared to collapse when touched. 

No. 37, Lewis's Navigation, burned rather quickly, with a short yellowish-white flame. 

The tests, Nos, 38 to 42, of Northumberland steam coal and Nixon's Navigati<Hi 
coal, made with the Lancashire boiler at Briston Pumping Station, were conducted on 
the same lines as those which were made with the testing boiler at Bread Street Hill, 
with the exception that the testing boiler at Brixton was isolated from the others in the 
range, and the generated steam was blown ofif direct into the atmosphere, at atmospheric 
pressure. The temperatures in the flue (column 24 in the Table) were proved approxi- 
mately by the melting and the non-melting of pieces of metala. For the last test of 
Northumberland coal. No. 42, the fire-grate was shortened from 6 feet in length to 
3 j feet ; the area was correspondingly reduced. 

The fires were maintained at a uniform thickness of 6 inches with the longer gnte, 
and 8 inches with the shorter grate ; and they were stoked at intervals of from 12 to 
30 minut«s for Nixon's coal, and 15 minutes for the Northumberland coal. Each charge 
weighed about half a hundredweight. 

Of the artificial fuels tested, Graigola Merthyr fuel, No. 43, is of the nsnal compost 
tion of slack and pitch. The Sanitaiy fuel. No. 44, consists of 10 parts of slack to 1 part of 
slaked time. The lime is the cement, as well as the purifying agent, in combining wttli 
and detaining sulphur and ammonia. The Sanitary fuel bums with a bright white flame, 
without great heat. It takes fire readily, and lies quietly on the grate. The large pao- 
portion of lime disengaged as ash did not involve any unusual degree of attention to 
the fire, to keep the bars clear of lime. The steam was kept up, and there was no clinker. 
The Weardale Steam fuel. No. 45, in blocks weighing 18^ lbs. each, is composed of the 
finest North-countrj- coal-ndust and 8 per cent, of pitch. It did not demand any special 
care in firing, and the steajn was well maintained. 

DEDUCTIONS. 

Touching Ihe relative behaviour of the anthracites and Welsh coals, Nos. 1 to 37 in 
the Table, steam was kept up equally well and conveniently with the two classes of fuel, 
for the periods of trial. But, for prolonged work, the labour of picking and cleaning llie 
fire in burning the anthracites was in general greater than for the Welsh steam cxmI*. 
The clinker of the anthracites was usually deposited on the fire-bars as a thin layer, like 
a pouring of melted metal, which the slicer could not touch. After some hours of 
continuous work, the fire-bars, especially about the mid-length of the furnace, became 
red-hot, and the draught was weakened. In burning Welsh coals, on the contrary, the 
fire-bars remained black, indicating the maintenance of a free draught ; and cliaker, 
when formed, was easily scpunited. With Welsh coals, steam was got up on Monday 
inoniitigs in three-quarters of an hour, and on other mornings in half an hour. Twice 
^csL' lengths of time were required for getting up steam with the anthracites. The 
■ length of time required by anthracite fuel is readily accounted for ty iU 
teriatically short and evauescent flame, by which but a small proportion of be«t JA 

In conclunon, on the Clay boiler tests, it may be remarked that tie fuel which taty 
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give the greatest degree of satisfaction to the intelligent stoker, is not necessarily the 
most efficient for evaporation. A stoker places a hi^h value on handiness, free- 
burning, scarcity of clinker and ash, and on clinker, if tnere be clinker, that does not 
cling. For these reasons, the Welsh steam coals, as a class, are preferred to the anthra- 
cites. 

Of steam coals, the Velindre Merthyr (Birch Bock), No. 22, the Mardy 4-feet Seam, 
No. 24, and the Cwmaman Upper 4-feet Seam, No. 27, may be classed together as faels 
which unite in a high degree the qualities which are sought for by stokers ; and, of 
these, the Cwmaman coal exhibited the greatest evaporative efficiency. 

Of the anthracites, the Brass Vein, Ystradgunlais, developed, as an anthracite, the 
highest efficiency. It was not exceeded by any Welsh coal in efficiency, if the rather 
exceptional test. No. 29, be omitted from the comparison. The sample of Dynant 
anthjAcite, No. 16, ranked third in evaporative efficiency amongst the anthracites; 
but it was probably, taken all round, the best sample of anthracite that was tested, 
combining a high rate of evaporative efficiency with easy manipulation. 

The four best samples of maximum efficiency, noticed above, are here placed 
together, with their respective evaporative efficiencies : — 

From and at 213^ F. 

No. 24. Mardy, Welsh steam coal . . , 11-33 lbs. water per lb. of fuel 
No. 27. Cwmaman, Welsh steam coal . « 14*21 lbs. „ „ 

No. 7. Brass Vein, Ystradgunlais, anthracite . 14*23 lbs. „ „ 

No. 16. Dynant, anthracite . . . .11*84 lbs. „ „ 

To form a general comparison of the fuels on the whole body of evidence, the leading 
results of aU the tests of steam coals and anthracites are embraced in Table XXVII, 

Table XXVII.— SUMMAEY RESULTS OF TESTS OF WELSH STEAM 

COALS AND ANTHRACITES. 



Data 


steam ooals (not 
including No. 99) 


AnthraoitaB 


Goal coDBumed per square foot of grate per hour . 

Refuse per cent, of coal 

Water evaporated per hour . ... 
Water evaporated per lb. of coal, from and at 212^ F. . 
Ayerage pressure of steam, per square inch on the gauge. 
Ayerage temperature in the departure flue 

Maximum smoke-shade 

Avera^ smoke-ehade 

Duration of smoke per hour 

Number of tests 


8-68 lbs. 

4-23 p. c. 
24-28 cub. ft. 
10-96 lbs. 
62-31 lbs. 
336°-6 F. 

2-60 

1-10 

1-6 min. 

18 


10-21 lbs. 

6-20 p. c. 
23-61 cub. ft 
1006 lbs. 
66-90 lbs. 
377** 6 F. 

0-00 

0-00 

0*0 min. 

19 



The comparison shows that the steam coals evaporated a little more water per hour, 
and more water per pound of fuel in the ratio of 10*95 lbs. to 10*05 lbs., or nine per 
cent., than the anthracites. In order to supply the required quantity of steam, the 
anthracites were burned ofif more rapidly than the steam coals, and in consequence dis- 
charged more heat into the chimney than the steam coals, or the excess of 377**'5 F. of 
temperature of escaping gases over 335^*5 F. This phenomenon is due to the paucity of 
flame-borne heat from the combustion of anthracite, in contrast with the greater volumes 
of bright flame emitted in the combustion of the steam coals. The same total quantity of 
heat may be generated in the two cases ; but more of it is launched by radiation against 
the plate-surface of the boiler from a largely-flaming fuel than from a non-flaming fiiel as 
anthracite is, since flame is a radiator of heat, and there is a more prompt absorption of 
the heat that is generated. As the heat is more promptly absorbed, the absorption is 
effected in a larger proportion also, and consequently the burnt gases pass away at a 
lower temperature. 

The summary results of the three leading tests of Northumberland steam coal and 
Nixon's Navigation coal, are given in Table XXVIII., on page 142. From this Table 
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it appears tbat the Northumberland coal burned off more quickly, and evaporat'?d 
vater more rapidly, than the Nison coal ; but tbat the Nixon coal was the more efEcient, 
as it evaporated more water per pound of coal than the Northumberland, and, oor- 
respondingly, that the temperature at which the burnt gases of the Nixon coal passed 
away was the lower. The smoke-shades for the Nixon coal are the lighter, and the smoke 
lasted a shorter time. But the shades were so light, and the duration of umoke was so 
short, that practically both of the fuels behaved as smokeless fuels. That there was a 
smoke-makiug element in the NorthuKiberland coal, was manifested by the result of a 
special firing. The door was kept closed after firing, so that there was no access for air to 
enter above the fire. Smoke in consequence came away from the chimney ; and it only 
vanished at the expiration of some minutes after the time of firing. 

Table XXVni.— SUMMARY RESULTS OF TESTS OF NIXON'S NAVIGATION 
STEAM COAL AND NOKTHUJIBEKLAND STEAM COAL. 






Cosl conBunied per square Coot of p-ate par hour . 

Refuse per cent of cobI 

Water evapomled per hour 

Water evaporaled per lb. of coal from and at 31:!° F. 
Average preMure of Bt(«m per sq. m. on the gauge . 
Approiimale temperature (Fabr.) in the departure fiu 

Maximum Bmoke-ahade 

Average amoke-«hade ...... 

Duration of smoke per hour 

Number of tests ....... 



11-82 lbs. 
5-97 pet cent. 
6870 cub. feet 

isaeiha. 

atmospheric 
SOtf'* 



1 



20-snu 

fi'30 per ctfiL 
77 00 cub. fort 
i-J-tii tbe. 



1 



Moreover, when the fire-grate was reduced in area, the evaporative efificiency of the 
Northumberland coal was augmented to 12*62 lbs. of water per lb. of coal, from and at 
212° F., whilst it evaporated 10 cubic feet of water per hour more than the Nixon coal. 
But it is known that, the greater the rate of gross evaporation of water, the less is the 
evaporative efficiency ; and had the Northumberland coal been limited in the rate of 
combustion, or in the rate of evaporation, to an equality with that of Nixon's ooal, 
the evaporative eflGciencies would also have been equal. 

It may, therefore, warraniably be concluded from the evidence of these t«st8, that, 
when the coals are treated according to their respective natures, and nnder the of 
oumstances of the tests, the Northumberland steam coal was substantially of equal 
evaporative power, efficiency, and smokelessness, with the Nixon's Navigation steam 
coal. 

The evaporative efificiencies of the three artificial fuels were as follows : — 

Table XXIX.— ARTIFICIAL FUELS.— E^'APORATIVE EFFICIENCY. 



Tbb. 


■""^bonr*"" 


i»r 11.. o( fotL fmm 


Qnigolt MertbTT .... 

SaniUry 

Weardale 


ii'seibs. 

11-48 lbs. 
1700 lbs. 


8-41 lbs. 
8-86 Ilk, 
8T7 Ibfc 


Averages .... 


]3-Mlb«, j 8-C91ba. 1 



Taking the comparison — on but a very limited basis, it is true — it appears that the 
artificial fuels made with coal-dust or slack axe inferior in evaporati\'e efficiency to either 
WsUh or North-country steam cools. 

D.K.CXARK. 
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MANCHESTER SMOKE ABATEMENT EXHIBITION 



BEPOET OF THE COMMITTEE. 

rE Manchester Smoke Abatement Exhibition was the outcome of that at South Ken- 
sington. The Committee of the Manchester Noxious Vapours Abatement Associa- 
tion watched the progress of the Committee which organised the latter with much interest, 
and the abatement of the nuisance produced by smoke being congenial to their special 
aim, viz., the suppression of vapours from chemical and allied works, they wiUingly co- 
operated with the London Committee, and, further, determined to continue the work 
by endeavouring to transfer, as far as practicable, the Exhibition bodily to Manchester. 
The London Committee cordially received this proposal, and, in the work of organising, 
lent the Manchester Exhibition Committee valuable aid. A Guarantee Fund (the con- 
tributors to which will, however, not be called upon) of nearly 2fiOOL was raised. The 
Presidents of the London Exhibition (Prince Leopold and the Duke of Westminster) 
accepted the same oflBce in connection with the Manchester Exhibition, and the 
experience gained by the Chairman of the London Committee (Mr. Ernest Hart), and the 
Hon. Sec. (Mr. Wm. E. E. Coles, C. E.), was always available, and proved of the greatest 
service. The Committee feel that they cannot too warmly thank Mr. Coles for the great 
interest he took in their work, as indicated not only by his incessant correspondence, 
but also by his frequent visits to Manchester to advise with them. The Local Committee 
was formed of members of the Committee of the Noxious Vapours Abatement Associa- 
tion, the local Nobility, Bishops, Clergy, Members of Parliament, Mayors, and other 
Members and OflBcials of the Corporations of Manchester, Salford, and surrounding 
towns, with a number of other representative men and influential citizens. The Mayor 
of Manchester acted as Chairman of the General Committee, and Mr. Francis Greg 
(Hon, Sec. of the Noxious Vapours Abatement Association) as Chairman of the Execu- 
tive. The Corporation of Manchester materially sup^wrted the undertaking by grant- 
ing the use of the Campfield Market, a handsome modern structure, for the Exhibi- 
tion. They also gave the gas used for illumination free of charge, and accepted about 
one-half the usual rate in payment for the gas used by the Exhibitors. Special acknow- 
ledgment is due to His Worship the Mayor of Manchester for his sympathy with the 
work and for his frequent advocacy of it* 

The Exhibition was opened, on March 1 7, by the Mayor, who subsequently presided 
at a luncheon at the Queen's Hotel, where important speeches were delivered. 

As a demonstration against the Smoke Nuisance, and as a comprehensive repre- 
sentation of the most approved appliances for the prevention of smoke, the Exhibition 
was a worthy offspring of that at South Kensington, It may safely be aflSrmed, too, 
that it has exercised an important influence in educating public opinion in the district 
of which Manchester is the centre, the population of the towns represented on the 

U 
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Committee and intervening districts being in ronnd numbers about 2,000,000. The 
total number of paying visitors who passed through the turnstiles was 31,663, 
comprising 9,964 at Is., 14,608 at 6d., 6,991 at Zd., and 388 by season and day tickets. 
These figures show approximately the class of persons who vieited the Eshibiti<m, iv 
large proirartion of the admissions at 3d. and 6d. being of the working class. Every 
effort was made to utilise the opportunities afforded by the collection of appliuiw^es tot 
spreading information respecting them. In a lecture room specially fitted up for th* 
purpose, frequent addresses were delivered, and, in this connection, thanks are due %o 
the following gentlemen for their respective contributions: — 

Kev. C. G. K. Gillespie, A.K.C., F.S,A. ; on ' The DomesUc Application of Heat,' 
illustrated by numerous experiments. 

John Angell, Esq., F.C.S., F.l.C, Science Muster, Manchester Grammar School; 
lecture on ' Burning and Ventilation," illustrated by experiments. 

M. Hoiroyd Smith, Esq., C.E. ; lecture on ' The Mechanical Firing of 8t«&m 
Boilers,' iUu8trat*'d by diagrams. 

J. West, Esq., Gas Engineer to the Manchester Corporation ; lecture on ' Burner*, 
and the various Gas Apparatus in use for Domestic and other purposes.' FractiGalljr 
illustrated. 

Thomas Armstrong, Esq., F.R.M.S. j lecture on 'Some Modem Developments of 
Science.' illustrated by the oiy-bydrogen lime light. 

A. Smithells, Esq., B.Sc, of Oweus College ; lecture on ' Combustion.' lUustrated 
by experiments. 

All the lectures, except one, were repeated for the benefit of audiences of the 
wording classes. Beside the above, a series of scientific experiments were condacted 
four times each week, under the superintendence of Professor Ckire, of Owens C-oUege ; and 
a continuous series of cookery lectures, in wbich the advantages of gas cooking received 
due prominence, were delivered by ladies in connection with the Edinburgh Domestic 
Economy Classes. As another means of spreading information on the subject of Smoke 
Prevention, a paper called The E-fhihiiion Review was published by the Secretary, Mr. 
Fred Seott, to which interestiug articles were contributed by Arthur Ransome, M.D., M^ 
lecturer on Hygiene at Owens College, on 'The Smoke Nuisance — a Sanitarian's View'; 
T. C. Horsfall, Esq., on ' The Social Aspect of the Smoke Question'; Rev.C. G. K. Gilleqiic, 
A.K.C., F.S.A., on ' Some Aspects of Smoke ' ; John Angell, Esq., F.C.S., F.l.C, oa 
' What is Smoke ? ' A Lady, on ' The Smoke Question' ; J. Maule Sutton, MJ)., M.R.C.P, 
Mi'dical Officer of Health for Oldham, on ' The Smoke Nuisance — a Medical OflBocT of 
Hi-alth'fl View ' ; J. Murgatroyd, Esq., F.R.I.B.A., on ' An Architect's View of the Smoke 
Nuisance ' ; A. Emrys-Jones, M.D,, Hon. Sec. Manchester and Salford Sanitary Associa- 
tion, on ' Smoke and Impure Air ' ; Leo. H. Grindon, Esq., Author of The TreeH of Old 
Engla/ndf Mancluister Flhra, &e., &c, on ' A Naturalist on Smoke ' ; Francis Vacher, Esq^ 
F.li.CS., F.C.S., Medical Officer of Health, Birkenhead, on ' Noxious Vapours ' ; A Lady, 
on ' Smoke, and its Effects on Health ' ; Miss A, Eomley Wright, on ' Cooking by Gas 'i 
and Professor Oliver liodge, on 'Electricity and Gas versus Smoke.' The paper al»o 
contained reviews of Novelties and Improvements, Corres^xindence, and jtaiagiaphs of 
interest in connection with the Exhibition. As further means of utilising the Exhibi- 
tion, a conversazioTie was htld in the building, which was attended by nearly 1,000 
persons, and visits were arranged for by such botiies as the Nuisance Committee of the 
Manchester Coq>oration, the Health Committee of the Salford Corporation, the Man- 
chester and District Union of Gas Engineers, the Bakers of Manchest«r and Salford (to 
ee the operation of gas ovens), &.k. 

An interesting feature in connection with the Exhibition was the interest taken in the 
work by representatives of the clergy, the Kev. Canon Woodhouse and Rev. C G. K. 
Uillespiv being most active members of the Executive Committee. Mr. Oilleapie, being 



curate of the pariah ia which the Exhibition waa held, was enabled to devote special 
atteation to it, aiid, being a, practical scientist, rendered valuable asnistance in lecturing 
and explaining to ladies and others the merits of the several appliances. 

Special arrangements were made for a series of teste of articles exhibited, to be con- 
ducted by Mr. D. Kinnear (Jlark, M.Inst.C.E., the Testing Kngineer to the Corainittue, 
on the lines of the tests which were conducted by him at South Kensington. The reports 
of these tests form a valuable body of evidence. 

The following is a list of the gentlemen who kindly undertook to act as Jurors ! — 
Mr. C. Esteourt, Mr. Herbert Fletcher, Rev. C. (j. K. Gillespie, Mr. Krancis Greg, 
Mr. Alderman Harwood, Mr, T. C. Horsfall, Mr. John Littlewood, Mr. T. Newbigging, 
Mr. John Rainsbottom, Dr. J. Maule Sutton, and Mr, D. Kinnear Clark. 

It would be unpardonable to pass from the subject of means adopted for utilising the 
Exhibition, without acknowledging the powerful and most important aid of the Press 
of Manchester, and indeed the manufacturing districts generally. Lengthy descriptive 
reports and articles, warmly commending the work which the Exhibition waa meant to 
illustrate, were freely given, ami it is felt that this outcome of the Exhibition alone must 
have an important bearing ujwn the wel&re of the tause, 

As regards the scope of the Exhibition, the promoters, recognising it to be the 
general one of aiding to prevent pollution of the air by the products of combustion, 
were enabled, without any sacrifice of principle or i^training of the plan, to admit of ex- 
amples of many subsidiary inventions, some for diminishing the actual production of 
noxious vapours, some for at least readily removing such vapom's when formed, and some 
for so utilising what are commonly called waste products as to encourage the conservation 
of what would if dispersed be injurious to the public welfare. Hence, in addition to the 
strictly technical appliances for use in the combustion of fuel in factories, and the more 
popularly understood arrangements for domestic purposes, visitors had the opportimity 
of inspecting and associating with these a large variety of apparatus for regulating and 
registering their action. Again, the economy of the use of various kinds of fuel received 
illustration, as also the advantage of greatly diminishing the imperfection of combus- 
tion of illuminating materials. The question of the utilisation of gas for gelding heat 
and light was in many ingenious ways brought nearer to solution. As some injurious 
products remain after even the most efficient attempts have been made for the healthy 
warming of living-rooms, invention has bt'en greatly stimulated to devise systems of 
ventilation with the least loss of heat ; and many Iiighly meritorious forms of apparatus 
were shown, some as (Mirta of the heating apparatus, some of universal appUcability 
dependent in principle upon the action of the ordinary laws of heat. 

Many of the constructions gave evidence of genuine scientific consideration by the 
judicious use of non-conducting materials, the disposal of air passages, the simplicity of 
detail, and, in some special instances, the artistic excellence of design : evidence that 
the general question has received much attention from practical men. It is peculiarly 
gratifying to be able to note that even the brief interval between the London and 
Slanchester Exhibitions was employed by some Exhibitors at the former in the advan- 
tageous modification of their appliances, which thus were presented in more efficient 
forms at the latter. 

The classification of the exhibits under their purposes, though sufficient to 
enable visitors to find them as required, would here be but a repetition of the 
contents' page of the Catalogrie, A more useful review, it is considered, will indicate 
the principles applied to meet the requirements of each purpose with regard to tho 
general demand for healthfulness and economy. Such an arrangement is here given in 
ontline. 

Open Fire Grates : Devices Employed. — Top Feeding, with draught regulators direct- 
ing warmed air and smoke through the fire; with screens, blowers, or valves, enabling 
slow or quick combustion j and Bottom Feeding, by means of a shelved incline plane, n 
I -2 
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movable base grating ; a balanced capsiziag basket, or a screen descenijiog as the fuel 
is burnt downwards. 

StovKs and Kitchen Ranges. — Flues inseparable and unaffected by setting; guided 
so as to distribute the beat in the latter case over the greatest surface if needed, witi 
simple valves giving power of direction ; ratcheted base grating, rising when a smaller 
fire is aufficient ; pipes for conducting the hot air apart from all contact with the fire ; 
burners for gas and oil similarly fitted, with cold air inlet from outside the house, and 
separate outlets for gaseous products and pure warm air. Some excellent sick-room 
stoves on this principle were shown. 

Under these two headings may be briefly noticed the skilful use of uon-coDduoting 
substances, of which several kinds were shown in the lining of refiectora, aad the 
direction of heat currents with least loss. In some instances air currents were esta- 
blished in remarkably ingenious ways, to ensure almost perfect radiation ^tn reflectors 
and other surfaces. 

Several forms of apparatus, applicable to both domestic and industrial purposes, 
aimed at the precipitation and removal in solution of noxious add and other products, 
by passing the escaping vapours through water. 

VentUalors. — Apart from systems included under the previous headii^^s, and some 
specially devised with extensive radiating surfaces, several mechanica! ventilatflrs 
appearwi, fi-ora small but effectual modification a of the Archimedean screw principles 
worked by the chimney draught, to the fan for use in mines by steam power. In 
addition were to be seen in the Domestic Section some inventions for imparting a 
rotary or transverse motion to the vapour column by the action of any wind otherwise 
hostile to its escape. 

Gas, — The manufacture of gas for heating and for lighting purposes, both from coal 
and hydrocarbons, was shown in actual operation and by models of apparatus, in one 
case the non-luminoua gaa, produced by the deconiiwsition of steam and air passed 
through a coal fire, was used to work a singeing machine, a large oven, and an engine, 
which, in its turn, drove a dynamo- machine, sustaining several electric lights. 

For hghting, a large number of exhibits showed that much keen attention had 
been given to the improvements with regard both to innoxious, i.e., complete combustion 
of gas, and to the raising of illuminating power. The leading principle, the supply in 
fitting quantity, and in the proper place and direction, of warmed air to the flame, was 
shown in practice by many devices, all reducible in efl'ect to three methods, introducing 
{ 1 ) a circular ground of burners yielding sufficient heat to generate from a chamber above 
a ' regenerative ' air-current ; (2 ) a modified Argand burner, having a second but shorter 
chimuey outside the usual one, the only inlet for air being the apace between these; (3) 
a pair of ' fish-tail ' burners united to a joint supply, so that the flames can coalesce at 
the upper edge of the *air of non-combustion,' which thus become much smaller. In 
addition to these contrivances, many well-known, and some more recent, boroCT* weare 
shown, having the object of {a) partly purifying the gas by means of a linen sieve, (fc) 
regulating the force of its escape by a permanently adjusted valve. 

The leading features of the Industrial Division, in connection with the main object 
of the Exhibition, consisted of Furnaces of apecial construction, all practicaUy dependent 
upon the adaptation of the ' reverberating' principle, by means of internal bridges, plat- 
forms, or party walls (in which good opix)rtunity was given for observing the compara- 
tive quality of fireclays), aided in moat cases by special forms of fire-bara and of 
Mechanical Stokers, of which nearly all were in action as when at work. For con- 
venience, the latter two may here be grouped together, the object in both coses being 
to ensure complete combustion within the furnace, while guarding against tlie futing 
together (clinkering) of the waste. 

Methods employed with hand-firing included the use of fire-bars, having pyramidal 
projections, causing ibe fuel to break tip by its own weight as burnt j rocking aidowaj's 
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by jointed lever action; divided into sets of hand-shaped jointed flaps, capable in 
each length of being moved upward by one connecting rod and lever, so as to push 
the fuel forward and sift it. In the Mechanical Stokers the feed was, with two chief 
exceptions, performed by means of a hopper, usually containing a mill for crushing the 
fuel to uniform size, from which hopper it was conducted alternately to each side of the 
furnace, into which it was forced by an iron flap connected with a wheel bearing 
cams of irregular heights, between which and the flap-lever contact is preserved 
by a spring powerful enough to jerk the fuel, when released from the highest cam, to the 
&r end of the furnace ; by a plunger connected with a crank or an eccentric ; by its 
own weight, through a sliding doorway at the bottom of each side of the hopper ; in one 
instance by a periodical air-blast ; and in another by a series of tapered screws revolving 
in troughs between the gratings of the furnace floor. In addition to these modes of 
introducing the fuel, among the means for continuing the feed and preventing the 
formation of clinkers, the most prominent was the regular intermittent movement 
of the fire-bars, for which the longitudinal direction was in nearly all cases that approved. 
This was attained by means of a shaft, mounted with cams working in slots at the bar 
ends ; with cams raising and lowering the bars as well as moving them to and fro ; with 
a series of cranks in its length, jointed to frames carrying the bars ; itself turned in the 
lathe on several centres so as to become a set of eccentrics to which the ends of the 
bars are strapped. 

In all the departments, and especially in the Industrial, and the less necessarily 
ornamental portion of the Domestic Division, it could be seen that simplicity, small 
number, and accessibleness of working parts, and the easy renewal of wearing parts, had 
not been omitted from the many considerations of invention and manufacture : and 
this Exhibition may fairly be credited with having, to some definite extent, aided a large 
section of the public, and those who cater for them, towards an extended knowledge 
and satisfaction of the sanitary needs to which its origin was due. 

The list of Awards recommended by the Jurors and passed by the Committee, is 
contained in the Beport of the Jurors. It is also given in the Beport of the London 
Committee, page 9. 
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THE Jurors have the satisfection of announcing that, in the Eshibition at Man- 
chester, following closely upon the South Kensington Exhibition, marks of iniproTe- 
ment were observable. They are pleased in being able to recommend for awards the 
works of several local eshibitors ; and they are of opinion that the articles which have 
been submitted for testing, though comjiaratively restricted in nomber, are fairly repre- 
sentative of the Exhibition in its entirety. 

From the Reports of the Testing Engineer, it appears that eleven tests were made 
of open grates and close stoves burning solid fuel, six tests of gas-beating grates and 
stoves, five tests of kitchenera and cooking-stoves, two tests of Dowson's gas-producer 
and the application of the gas, and seven tests of steam-boiler apph'ances, comprising 
three mechanical stokers ; making together 31 t«6ts, all of them distinctive of the 
Manchester Exhibit iou. 

It is not necessary that the Jurors should enter into an analysis of the merits of the 
various articles which were tested: a duty which has already been performed by the Testing 
Engineer. They confine themselves to a brief notification of such of the ajiiclea tested 
as they recommend for awards to the Committee, as follows j — 



LIST OF AWARDS. 

To T. E, Parkeh, London, for hia Smoke-Preventing Grate, the *Vencedor,' being 

an improvement upon the grate exhibited by him in London, Silver Medal. 
To Jaffbey & Co., Manchester, for their Smoke-Consuming Grate, being an 

improvement on Ingram's Kaio-Kapnos Grate exhibited at South Kensington, 

Silver Medal. 
To J. Wadsworth, Manchester, for his Close Ventilating-Stovea, bumiug coke, and 

burning gas. Silver Medal. 
To The Falkirk Iron Company, London, for improved Coke-and-Gas Fire, and 

Asbestos-and-Gas Fire, modifications of Dr. Siemens' principle, Silver Medal. 
To W. Thoknbubn, Boroughbridge, for his Hot-Air Petroleum Stove, Honourable 

Mention. 
To E. H. SnoRLAND, Manchester, for the Manchester Close Stove (G. L. Shorland's 

patent). Bronze Medal. 
To James Moore, Bromley-by-Bow, for his system of Boiler-Seating with Perforated 

Bridges and Steam Jets, for the prevention of smoke and for economy of fuel. 

Bronze Medal. 
To J. Hahftom, Loughborough, for his Fireproof Smoke-Consuming Bridge, Bronze 

Medal. 
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To B. GOODFELLOW, Hyde, for Johnson's Smoke-and-Fume Washer, Honourable 

Mention. 
To Hydes & WiGFDLL, Sheffield, for the * Tortoise ' Laundry-Stove, Bronze Medal. 
To Eluotf, Alston, & Olney, Manchester, for Senking's Cooking-Stove, Silver 

Medal. 
To R. W. Crosthwaite, London, for Close-fire Range, having Gregory's Furnace, 

Silver Medal. 
To Waddell & Main, Glasgow, for improved Gas Cooking-Stove, Silver MedaL 
To Charles Whjson, Jjeeds, for improved Gas Cooking-Stove, Silver Medal. 
To R. W. Crosthwaite, London, for Gregory's Smoke-burning Furnace, appUed to 

an upright boiler. Silver Medal. 
To E. Bennis, Bolton, for his Mechanical Stoker, Silver Medal. 
To Thomas Henderson, Liverpool, for his Furnace-front and Fire-door, Bronze 

Medal. 
To Michel Perret, Paris, for his Multiple-Staged Furnace, Silver Medal. 

The Jiu-ors are of opinion that, as the test of the gas cooking-stove of John Wright 
A Co., whilst it yielded generally good results, was made under the special condition of 
a very contracted flue-way, with deficiency of ventilation, — it was not eligible for 
competition for an award. 

The Jurors recognise and highly appreciate the merits of the Non-Conducting 
Composition exhibited by Joseph Kershaw & Co., and of the Cras Begulator exhibited 
by James Stott & Co. ; and they were prepared to recommend awards of a Silver Medal 
to each of these exhibitors. But it had been ruled by the Jurors for the South Ken- 
sington Exhibition that articles like those now in question, which were more properly 
accessories than articles directly conducive to the abatement of smoke, were not 
eligible for awards. The Jurors, therefore, limit themselves to an expression of their 
sense of the very considerable merits of Kershaw's Non-Conducting Composition and 
Stott's Gas Kegulator. 
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I. REPORT ON TESTS OF OPEN GRATES AND CLOSE STOVES. 

IWR the purpose of testing open grates and stoves, two rooms in a brick-built hoose 
^ facing the Exhibition were prepared. The rooms were designated No. 2 and No. 3 
respectively, and were nearly rectangular. No. 2 room averaged 13 feet wide, 14 feet 
long, and 9 feet 6 inches high. The door was in one side, facing the fire-place on the other 
side, and the window, measuring 4^ feet by 6 J feet, was at one end facing the street, with 
a southern aspect. No. 3 room averaged 13 feet 4 inches wide, and was 14^ feet long, 
and 9 J feet high. Thereweretwowindnwa, 4 feet 4 inches wide, and 6 J feet high, having 
respectively a southern and an easterly aspect, one facing the fire-place, the other the 
doorway. The chimneys were 14 inches square. 

The rooms were prepared, and the tests were conducted, similarly to tie testing- 
rooma and the tests at the Smoke Abatement Eshibition, South Kensington. Ther- 
mometers were suspended at three walls in each room — the wall &cing thetire-placp,tfae 
wall in which the fire-place was constructed, and one of the side walla. They were IkiiI 
at three different levels ; —at 6 inches, 5 feet, and 8^ feet above the floor, numberiag 
altogether nine thermometers at the walls. 

For the purpose of measuring relatively the radiating power of each grate or stove, 
three pairs of thermometers were suspended at different levels, on an upright post, 
placed at a distance of 6 feet from the front of the grate or stove. One of each paif 
was suspended directly feeing the fire, exposed to the direct radiant heat ; and the 
other was suspended back to bock with the first, on the other side of the post, exposed 
only to the atmosphere of the room. The difference of the indications of each pair of 
thermometers was taken as a measure of the radiating power of the fire. The three 
several pairs were placed at the same levels as the thermometers at the walls. The 
temperature of the ascending current of smoke in the chimney was measured, at iutervalj*, 
by a thermometer which waa introduced through an opening into the flue, at a height 
of 8 feet above the floor ; and the upward velocity of the current was at the same time 
measured by means of an anemometer passed through the same opening. 

The classification of grates and stoves burning solid fuels, that was adopted at 
South Kensington, is here followed in indicating the number of the class to wliich each 
grate or stove is referred. 

OPEN ORATES. 

No. I. A. C. Engert & Co.— The * Solo • Orate : of barrel form (aass 1 ). Thisgrale 
was exhibited and tested at the South Kensington Exhibition, and it baa already own 
described at page 50. It was differently managed when tested at ManchestcT, inaBmuch 
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as the grate was filled up with coal at the commencement of the test, and the coal was 
lit at the top, and allowed to bum downwards, chiefly at the front, without disturbance. 
The mass of coal was moved forward as required, by means of the internal adjustable 
barrel-form plate. The * Solo ' Grate, it is stated, is capable when once filled of burning 
for from 20 to 26 hours without any additional supply of fuel. 

No. 2. The G-as Meter Company. — ^W. Sugg & Co.'s Stove, burning coke ; portable 
(Class 1). The fire-bars were nearly semi-circular, forming the front and the bottom 
together. The draught passed upwards and through the back to the flue. 

No. 3. E. H. Shorland. — ^The * Improved Manchester ' Grate (G. L. Shorland's 
patent) (Class 5). The * Manchester * Grate, tested at South Kensington, has been described 
at page 50. llie improvement consists in the combination of a downward draught 
through the grate with the upward draught. 

No. 4. T. E. Parker. — ^The * Vencedor ' Downward-draught Grate (Class 5). As 
tested at South Kensington, this grate has been described at page 55. Increased facility 
is provided for the entrance of heated air at the lower back comer of the grate. 

No. 5. Clark, Bunnett & Co. — Ingram's * Kaio-Kapnos ' Grate (Class 5). This 
grate has already been described, page 54. 

No. 6. Jaffret & Co. — This grate (Class 2) is a modification of Ingram's ^ ICaio- 
Kapnos ' Grate. The back and sides are blocks of fireclay. The floor also is of fireclay, 
and is solid. The draught passes direct from the fire between a number of upright slabs 
of fireclay, resting on the floor and reared up against the back ; thence downwards 
to the ashpit below the floor-slab, whence it passes through a perforated block of fireclay, 
into a flue which rises behind the back of the grate and is enclosed with iron. Air 
is admitted by a slit through the floor lump into the ashpit, to promote combustion 
there. The draught may be partially directed upwards through the register. Stray 
gases rising upwards, when the register is closed, pass off through two small openings 
at the upper part, into a flue at each side of the grate, downwards into the ashpit, 
whence they pass through to the back flue. (Plates 68, 69.) 

CLOSE STOVES. 

No. 7. W. Barton. — The * Premier ' Stove (Class 6) : already described, page 58. 
The stove tested in Manchester was 10 inches in diameter inside. 

No. 8. Hydes & WiGFULL.— The ' Tortoise ' Laundry-Stove (Class 6). The *Tor- 
toise * Stove, for heating rooms, has been described, page 56. Adapted for the laundry, the 
stove is eight-sided, 8 inches wide inside, and standing 32 inches high. It is made with 
three tiers of shelves or brackets, on all sides, capable of holding 24 irons at once for being 
heated. (Plate 67.) 

No. 9. A. C. Engert & Co. — Baker's oven (Class 6) : designed as an auxiliary to 
ordinary bakers' ovens. It consists of an iron box which is pushed into the furnace- 
mouth, holding the coals to be consumed. It is entirely close except at the inner end 
fit>m which the products of combustion pass into the oven. The air for combustion is 
admitted at the front, through holes in the lower side. 

No. 10. E. H. Shorland. — Warm-Air Ventilating-Stove, for large buildings : (Q-. L. 
Shorland's patent) (Class 6). A cubical stove, having a casing of cast-iron, made with 
gills externally, § inch deep. The fire-place is square, and is enclosed at the sides and 
the back by air-warming chambers. A few steel turnings are suspended in the fire-place, 
which, becoming red hot, are expected to be useful in burning smoke. Fresh air is led 

X 
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into & shallow reception-cliamber at the base of the atove. Thence it passes upwardg 
through the nir-warming chambers, which are made with partitions by which the air ia 
caused to ascend in a zigzag couree. The air passes from the upper part* of thes* 
chambers into pipes, which rise from each side, and from the back, meet at the middle of 
the stove o?er the fire, and deliver the warmed air into a shallow receptacle on the top 
of the stove, whence it passes through numerous openings into the room. These open- 
ings are formed by short pieces of tube which are fixed to the bottom of a shallow tray 
containing water, and rise through the water. By this means, moisture is distributed 
with the air into the building. The prodocts of combustion are led away through a 
descending flue at the back, under the floor. (Plate 67.) 

No. 11, J, Wadsworth. — The ' Pioneer,' a Wanning, Ventilating, and Cooking 
Apparatus : a close stove (Class 6), burning coke. The stove ia cubical, of charcoal iron 
sheets, 36 inches high, 20 inches wide, 16 inches deep. The fire-place, which is at the 
bottom, is 7 inches by 6 inches, and 7 inches deep, grated in front, with a hob-plate at the 
top, having a 6-inch opening, with a hinged cover. The fire-place, indented into tbecasitig, 
and flush with it, is enclosed and over-arched by plating, so as to leave a space above the 
hob for cooking. It is enclosed in front by a lean-fo, paned with talc, to let tbe fire be 
seen. A sliding damper is fitted at each side of the fire-place, under the hob, to regulate 
the draught which passes off from the fire-place into the interior of the casing, where air ia 
heated. The air to be heated comes from the external atmosphere, through a pipe, and ia 
delivered into a shallow chamber at the base, whence it passes upwards through five 
flat conduits 30 inches high, of which three are 5 inches by 1 inch, and two are 3 inches 
by 1 inch. Air from the room, near the floor, is also admitted at the base of the stove, 
to jtass np through four conduits, 5 inches by 1 inch in section. Through the nine 
conduits here noticed, the air passes upwards within the casing, enveloped by the hot 
gases from the fire. The air becomes heated as it ascends, and U distributed warm 
into the room through numerous apertures in a shallow chamber at the top, in which 
the heated currents of air are collected. Foul air is collected fiwm the upper part of 
the room, through a ventilator, and is conducted by a pipe in the chimney, where It 
becomes warm as it descends, and is delivered below and above the fire, to supply air 
for combustion. The products of combustion pass away through the back of the stove, 
at the level of half the height of the stove, into the flue to the chimney. Stray gases 
and fumes from the hob-plate are conducted through the crown of the arch enclosure 
into the flue-pipe. Cooking can be eflfectually conducted on the hobj and, by enclosing 
the space over the hob, small joints can be roasted. 



GAS HEATiyO-GRATES AND STOVES.— COMBINATION FIRES. 

No. 12. The Gas Meter Company.— W. Sugg and Co-'s Gas-and-C<dte Stow: 
An ordinary portable grate, in which coke is heaped, and is ignited by means of a line of 
jats of gas at the front, between the bars of the bottom grid. 

No. 13. The FALKntK Iron Company. — Register Grate, having a gas-and-aabesto* 
fire, on a modification of I>r. Siemens' principle. The fire-place is 1 8 inches wide at the front, 
and 13 inches at the back, and is 4^ inches deep from front to back at the grid, and 5} 
inches at the upper bar. The up[ier bar is 5 inches above the grid. The fire-bars are made 
of great depth — 3^ inches — in order to heat the air for combustion as it passes np between 
them. A row of ten atmospheric burners is placed at the front, beneath the fire-bars, 
Biich burner being carried on a separate branch or nozzle-pipe, which passes up, in each 
alternate iiiterspjice, between the bars, and delivers the jet of gas at the surface of the 
grid. An additional jet is placed in the middle near tbe back of the grate. The back 



is of firebrick, 2i inches thick, and is perforated for the passage of air from behind the 
back into the body of the fire, to aid in completing' combustion. 

No. 14. The Falkirk Ihon Company.— Register Grate, having a gas-and-coke fire, 
on a modification of Dr. Siemens' principle. The fire-place is 18 inches wide at the front, 
and 11 J inches at the back ; 7 J inches deep from front to back at the grid, and 8 inches 
at the upper bar. This bar is 5 inches above the bottom. The back and sides are of iron. 
The fire-bars are 3J inches deep, and are undercut at the front, to make room for (liu 
gas-pipe, which lies within half an inch of the surface of the grid. From this pipe ten 
attaospheric jets are delivered between the bars, directed upwards, at an angle backwards, 
into the body of the fire, made up of coke. On this system, the air and the gas are 
heated previously to their entering into combustion. (Plate 67.) 

No. 15. W. T. Braham. — Warming and Ventilating Gas Stove: a cubical 
case 16 inches high, 12 inches wide, and 8^ inches deep; with a cover forming a 
shallow chamber on the top, for the distribution of warmed air. A line of atmospheric 
gas jets is placed at the bottom, the flame and gases of which rise into a bos containing 
asbestos, from which the burnt gases pass off at the back, at the upper part, into a flue. 
The bottom of the bos of asbestos is sloped upwards at the fi-ont, and is grilled, in order 
that the gas-flames may pass amongst the asbestos, at the same time that heat is 
radiated through a mica door in the front of the case into the room. The back of the 
asbestos-box is a hollow chamber, 2^ inches wide for the whole depth, into which fresh 
air is admitted ; and from which the air, after having been warmed, is delivered, through 
two openings at the top, into the distributing-chamber already mentioned. 

No. 16. J. Wadsworth. — ' Pioneer ' Gaa-Stove. The case and the air conduits are 
designed similarly to the coke-stove No. 11. The heat is produced by burning 
atmospheric gas in a ring of jets enclosed in a small fire-chamber, placed as in the coke- 
Btove, with a small quantity of asbestos to make a lively appearance. The case 
measures 30 inches high, 17 inches wide, and 15 inches deep; and contains eight air- 
conduits, in {massing through which, external air, and air from the room, are warmed. 
The foul air at the upper part of the room is not extracted as with the coke-stove, but 
the products of combustion are all discharged into a. flue. 

PETROLEUM HEATING STOVE. 

No. 17. \V, Thornbdrn. — Petroleum Heating-Stove, No, 2. The gaseous products 
from two petroleum lamps, fitted with 1-inch duplex bomers, ascend into an upright 
cylindrical heater immediately above the lamps, in which fresh air from the room is 
warmed. For this purpose, the heater is double, consisting of two concentric cylinders 
made of block tin, enclosing an anmdar space ; the inner cylinder being traversed by 
twenty ^inch copper tubes in four tiers, through which the air in the annular space is 
circulated. The tubes are slightly inclined, so as to determine a regular circulation 
of air. Tlie inner cylinder is 6 inches in diameter and 12 inches high, the outer 
cylinder is 7 inches by 14 inches, enclosing an annular space about \ inch in width, and a 
shallow space I inch deep between the bottoms of the two cyhnders. The glasses of 
the two lamps enter each into a short tin tube a little larger in diameter than the 
glasses, fixed to the bottom of the heater. The products of combustion pass into tlie 
inner cylinder, together with a proportion of free air passed in aromid the glasses, in order 
to insure completeness of combustion and absence of smell. The hot gases part with their 
heat to the inner cylinder and to the transverse tubes, by which the air in the annular 
space and the tubes is warmed, and they pass oflT through a perforated plate at the top 
into the room. The warmed air ]Kis3es off at the upper part of the annular space into 
the room, and is replaced by air fi-om the room, which enters the shallow interspace at 
the bottom, through three J-inch holes, and passes to the annular space. (Plate 6a.) 
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Table XXX.— RESULTS OF TESTS OF OPEN GRATES 



No. 

of 

tost 


No. of 

testing 

room 


Date 


Name of ezbibitor 


1 


8 


8 


4 






1882 


Opxn Grates. 


1 


3 


Apnl24 


A. C. Engert & Oo. . 


2 


2 


„ 26 


The Gas Meter Company. 


3 


2 


„ 27 


E. H. Shorland 


4 
5 
6 


2 
3 
3 


May 3 

n 6 


T.E. Parker . 
Clark, Biinnett & Co. 
Jafirey & Co. . 

Clobb Sioybb. 


7 

8 

9 

10 


3 

3 

3 

Exhih. 


April 27 

„ 29 

May 3 

V 6 


W.Barton . 
Hydes & Wigfiill . 
A. 0. Engfirt & Co. 
E. H. Shorland 


11 


3 


f, 9 


J. Wadsworth 



Deseriptian 



' Solo ' Grate, barrel form (Class 1) . . . . 

W. Sugg & Co.'s Stove, burning coke (Olaas 1) • 

j 'Improved Manchester' Grate, (G. L. Shorland's } 

I patent) (Class 6) | 

< Vencedor ' Grate (Class 5) 

Ingram's ' Eaio-Kannos ' Grate (Class 2) . 
Firebrick lining ana floor (Class 2) . 

' Premier ' Stove (Class 6) 

' Tortoise ' Laundry-Stove (Class 6) • 

Baker*s Oven (Class 6) 

Warm-Air Stove (G. L. Shorland^s patent) (OUas 6) . 

' Pioneer ' Stove (Class 6) 



lua. 

6 
6 

4 80 



6 





6 





6 





480 


6 





2801 


6 





6 


5 



Table XXXL— RESULTS OF TESTS OF GAS 



No. 
of 

t«t 



12 

13 

14 
15 
16 



17 



No. of 

testing 

room 



2 



Upper 
Tuames St. 

Do. 
2 
2 



1 



Date 



8 



1882 

April 28 
July 5 



Ma 



ay 

99 



6 
6 
9 






April 28 



Name of exhibitor 



The Gas Meter Company 
The Falkirk Iron Com- f 
pany . . j 
Do. do. 

W. T. Braham . 
J. Wadsworth 



W. Thombum 



Description 



W. Sugg & Co.'s Gas-and-Coke Stove . 

Register Grate, gas and asbestos • 

Register Grate, gas and coke .... 

Ventilating Gas Stove 

' Pbneer ' Gas Stove 

PXTBOLBUM SlOVB. 

Petroleum Heating-Stove, No. 2 . 



trW 



6 

6 

6 

4 



6 



ORATES AND STOVES. 



155 



3L0SE STOVES FOR HEATINa, 1882. (MANCHESTER.) 



Fctl GonuiOD 


ABh 
11 


TSIIPKRATUBIS 


Ohdinet 


• 

Smokx-Shadb 




OoalotookB 


Bxter> 

xua 

are- 
rage 

12 


At walls 5 feet high 


DifFcrenoe due 
to radiation 
6 ft. high, 6 ft. 
from fire. 


Velocity of 
draught 


Temperature 


Total 
ave- 
rage 

22 


Ave- 
rage, 

last 
hour 

23 


Id 


Totel 


Per honr 
10 


At 
com- 
mence- 
ment 

13 


Total 
aye- 
rage 

14 


Aye- 
rage, 
last 
hour 

16 


Total 
ave- 
rage 

16 


Ave- 
rage, 
last 
hour 

17 


Total 
ave- 
rage 

18 


Ave- 
rage, 
last 
hour 

19 


Total 
ave- 
rage 

20 


Ave- 
rage, 
last 
hour 

21 




DiMription 

8 


Weight 
9 


i 

\ 

1 
1 

: 


SQhitone . 
1 aniratoiie 
1 coke 

SIkBtoiie. 

Do. . 
Do. . 
Do. . 

Do. . 

SUkatone . 
Do. . 
1 Silkstoxie 
I coke 


lb. 01. 

26 

6 0( 
21 Of 

27 8 

21 8 
38 8 
23 6 

26 8 
29 12 

7 
26 4 

1 01 
14 2f 


lb. OS. 

4 6^ 
4 8 

4 9^ 

4 4| 
6 6J 

3 14^ 

6 lOi 

4 16i 
2 13 
6 1 

2 16^ 


lb. OS. 

1 2 

1 
8 

4 

3 8 

1 4 

10 
12 


Fahr. 
5§-0 
60-1 

611 

69-7 
601 
60-8 

62-1 
441 

64-7 


Fahr. 
64-1 
63-2 

64-0 

69-0 
66-7 
68-7 

62-6 
61-7 

63-6 


Fahr. 
6§1 

62-7 

72-7 

81-7 
71-1 

71-8 

80-4 
76-0 

67-4 


Fahr. 

72-6 
67-3 

86-9 

90-6 
80-2 
78-9 

68-3 
81-1 

730 


Fahr. 

l§-3 
13-0 

14-3 

13-7 
17-0 
13-6 

7-8 
7-2 

1 


Fahr. 

220 
160 

22-3 

12-8 
19-8 
16-7 

7-0 
7-6 

6-4 


ft. per 
min. 

123-7 
102-6 

137-6 

127-0 
141-1 

160-0 
116-4 


ft. per 
min. 

132-4 
106-8 

133-3 
128-1 

120-0 


Fahr. 

14§-9 
110-4 

224-6 

330-0 
300-0 
240-0 

283-9 
300-0 


Fahr. 

166-0 
131-7 

260-0 
240-0 
266-7 


No. 

1-23 
0-77 

1-46 

0-47 
1-23 
1-36 

0-60 
0-46 
1-60 
1-06 

0-80 


No. 

0-0 
0-0 

0-0 

0-0 
1-0 
0-67 

0-0 
0-0 
0-0 
0-0 

0-0 
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Fuel Consumso 


Quantity of 
gas coiu>umcd 


Time burning 
gas 


TkMI'KRATURE 




Weight 


Ash 


Per 
cent. 


External 


At walls 6 feet high 


Difference due to 

radiation, 6 feet 

from fire, 5 feet high 


Htlptkni 


























At c<»m- 

incuce- 

inent 


Total 
average 


Average, 
lost hour 


Total 
average 


Average, 
last hour 


7 


8 


9 


10 


11 


12 


13 


14 


16 


16 


17 


18 




lb. ox. 


lb. OS. 


per ct. 


cub. ft. 


h. m. 


deg. F. 


deg. F. 


deg. F. 


deg.F. 


deg.F. 


deg.F. 


» . 


6 8 


12 


Hi 


26 


30 


64-6 


62 3 


69-6 


74-4 


fo 


?-o 


lestos 


— 


— 


— 


219 


6 


66-3 


66-5 


71-8 


74-6 


8-6 


10-0 


lestos . 


16 6 


1 3 


7J 


30 
61 
27-6 


60 
6 46 
4 


64-2 
68-0 
66-0 


62-6 

60 

680 


74-9 
68-7 
64-6 


800 
72-1 
680 


16-6 
0-6 
0-6 


17-0 
1-3 
0-6 


— 


— 


— 





Petroleum 
lb. oz. 

1 8 


Petroleum 
h. m. 

6 


641 


62-7 


62-0 


63-6 


— 


— 
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KESULTS OF TESTS OF OPEN GRATES AND CLOSE STOVES. 

The results of the teets of grates and stoves are given in Tables XXX. aod 
XXXJ. (]jp. 154, 155), in which are comprised the results for eleven gratis and stovet 
burning solid fuels, five grates and stoves burning gas, or gas and coke, and one petrr>- 
lemn stove ; making together seventeen tests. The teats were conducted in the rooms 
already described, with the exception of No. 10, which was conducted in the Exhibition 
building where the stove was exhibited ; and Nos. 15 and 16, which were conducted in 
a room at 67 Upper Thames Street, London, measuring 15 feet by 14 feet, and 8 feet 
9 inches high, where the grate was placed in one corner. 

The supply of gas for the tests made in Manchester vras obtained from the Gas 
Committee of the Mimchester Corporation. 



DEDUCTIONS. 

The leading results of the tests are abstracted in the following Table (XXXII.), tat 
direct eonjparison. The average rise of temperatiu-e per pound of fuel per hour, with 
the smoke-shade, are given for Nos. 1 to 11, in which solid fuel was consumed. For 
the gas-heating and petroleum grates and stoves, Nos. 12 to 17, the quantities con- 
sumed and the elevation of temperature are given ; also, in two instances, the elevation 
of temperature per cubic foot of gas. 

In T. E. Parker's ' Vencedor ' Grate (No. 4) the good effects of the increased 
facility provided for the entrance of warmed air at the lower back corner of the grate, is 
made apparent in the very light sraoke-ahade by which the performance at Slanchester 
was effected, relatively to the smoke-shade at South Kensington. 

No. 5, by Clark, Bunnett & Co., and No, 6, by Jaffrej & Co., afford an in- 
structive contrast ; showing that No, 6 did one-half more heating duty per pound of 
coal consumed. The grates act on the same principle, having a backward and a down 
ward draught, over and through firebrick pieces. But there is a difference in detail : 
in No. 5, the current passes undivided over the back and under the bottom ; whilst in 
No. 6, the current is divided into numerous streams, passing between the sections or 
ribs of the back, and also through the grid under the bottom, leading to the flue. 

The close stoves burning solid fuel manifest a higher degree of eflicieacy than the 
open grates : — conformably to the experience at South Kensington. 

No. 15,W.T. Brabam's Gas Stove, and No. 16, J. Wadsworth's Gas Stove, show, by 
contrast, the advantage, in the second instance, of fully developing the area of surface 
for heating air, where 17 per cent, more efficiency is obtained than in the first instance. 

The Petroleum Stove of W, Thombum shows a very high degree of efficiency — an 
average rise of 37° of temperature for 1 lb. of petroleum consumed per hour. But a 
large proportion of this rise results from the detention of the products of combustion in 
the room, and their intermixture with the atmosphere of the room. It is maintAined 
that the discharge of such gaseous products of petroleum into a room is harmless ; but 
it cannot be disputed that a purer atmosphere would be maintained if the gaseous 
products of combustion were ejected from the room. 
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Table XXXIL— FUEL AND RISE OF TEMPEEATURE IN GEATES AND 

STOVES. (MANCHESTER.) 



Ko. 
of 



1 
2 

3 

4 

5 
G 



7 

8 

9 

10 

11 



12 
13 

14 

15 
16 

17 



BzhlUtor 



A. 0. Engert ft Co. 

The Qas Meter do. (Sagg*8 grate) . 

£. H. Shorland (G. L. Shorland*s 

patent) 

T.E. Parker 

Olarky Bunnett & Co. 

Jafirej & Co 

Clobb Stoves. 

W. Barton .... 
Hydes & WigfuU . 
A. 0. Engert & On. 
R H. Shorland (G. L. Shorland's 
patent) .... 

J. Wadswortli 

Gas Hsatino-Grates asj> Stoves 

The Gas Meter Co. (Sugg's grate) 

The Falkirk Iron Co. 

Do. do. 

W.T. Braham 
J. Wadsworth 

Petboleum Stove. 
W. Thornbum 



Fael ooivmmed 
per hoar 



coal 
coal 
coke 

coal 
coal 
coal 
coal 



lbs. 

4-32 
50 



1- 



4-58 
4-30 
6-42 
3-90 



coke 6*65 
coke 4*95 
coal 2-81 



coal 
I coal U. 
I coke I 



6 06 
97 



coke 

gas 

gas 

coke 

gas 

gas 

gas 



lb. ft. ( 



108 lb. 

4-20 cub. 
43-80 cub. ft. 

306 lb. ) 

600 cub. ft. I 
10-60 cub. ft. 

0-90 cub. ft. 



Petrol. 0-26 lb. 



Average riae of temperature 



Total 



Fahr. 
1§ 

9-6 

18-7 
22-7 
14-4 
13-1 



27-9 
23-3 



13-9 



13-3 

0-3 

12-4 

8-7 
6-6 

9-3 



Per lb. of fuel 
per hoar 



Ftihr. 

2-f8 
2-11 



409 
6-28 
2-24 
3-36 



4-93 
4-71 



4-68 



0-82 per eft. 
0-96 do. 



37-2 per lb. 



ATerage 
smoke- 
ahade 



1-23 
0-77 

1-46 
0-47 
li>3 
1-36 



0-50 
0-46 
1-60 

105 
0-80 



D. K. CLARK. 

Note. — The Manohesteb Stove (G. L. Shorland's Patent); tested at Manchester (p. 151). 

Thib stove was specially tested for combustion of fuel without smoke, and chimney draught and 
temperature. But observations were taken, at the same time, of the temperature of the air which was 
heated in the stove, and the velocity of its discharge. 

The stove was cold, and the fire was lighted, at the commencement of the trial, which lasted &Te 
hours, when the external temperature was 6b^ Fahr. The temperature of the heated air, as discharged, 
rose from 63^ at the commencement, to 120° an hour later, 230° two hours later, and 280° three hours 
later. During the succeedino^ two hours of the special trial, the temperature varied from 380° to 440°, 
and it could have been so maintained continuously, if it had been desired, for any length of time, at the 
same rate of combustion of fuel as during the special trial. 

It may be mentioned that after the special test was concluded, and the fire had been drawn, heated 
air continued to flow from the stove, and was as high as 120° in temperature four hours after the test was 
concluded. 

The velocity of discharge of the heated air averaged 120 feet per minute during the trial, making a 
volume of 13,000 cubic feet of heated air delivered per hour. 

The stove, it may be mentioned, is lined with fireclay, and is adapted for burning any kind of fuel. 

D. K. C. 
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11. REPORT ON TESTS OF KITCHENERS AND COOKING-STOYES, 



Four kitcheners and cooking-stoves were tested, of which two were coal-borning and 
two were gas-burning, as follows : — 

1. Ei,LiOTr, Alston & Olxey: Senking's Cooking-Stove No. 1 bb. — It ia eelf- 
contained, 38 inches wide, 29 inches high, and 26 laches deep. The upper part, under 
the hot plate, is occupied by the fire-place at one end — 8 inches wide, 5 inches high, 
and 1 3 inches deep ; a copper side-boiler, holding 2^ gallons, at tbe other end ; and a 
roasting-oven, 14 inches by 9 inches high, and 24 inches deep, in the middle. The 
lower part contains a baking-oven. The stove was tested. May 10, 1882, by the roast- 
ing of a sirloin joint weighing 1 1 lbs. 3 oz. It weighed when roasted 8 lbs. 4 oz. ; 
the dripping weighed 1 lb, 11 oz. ; together, 9 lbs. 15 oz.; loss of weight, I lb. 4 ox., 
being 1 1 per cent, of the gross weight. The joint was fairly well done. The tempe- 
rature attained in the oven varied from 265° F., at the commencement, to 400° when 
the joint was withdrawn ; the period of cooking being 1 hour 25 minutes. The oven 
was heated up again for pastry, to upwards of 400% and maintained at that temperature 
for 12 minutes. The quantity of coal consumed was 8^ lbs. (Plate 70.) 

2. E, W. CitosTHiViiTE. — Close-fire Range, having C. B. Gregory's Smoke-bnming 
Furnace, set in brick flues at the ends. It is 5^ feet wide, 30 inches high, and 
19 inches deep. The fire-place is in the centre, with the baking-oven to the left hand, 
and the roasting-oven to tbe right hand. For the baking-oven, the draught is conducted 
from the fire-place down tbe side of the oven, under the bottom, up the outside, over the 
top, and thence to the flue. For the roaster, the draught is over the top, down the 
outside, under the bottom, and up tbe back, to the flue. The fire-place is 11 inches 
wide, having an inclined grate lauded on a horizontal grate, fed from a hopper at the 
front, whence the coal falls as it is consumed. The sides, the back, and the roof are of 
tire-tiles. Air from the front is admitted at each side, outside the fire-tilea, whence it 
passes over the top, and to the back. It is delivered in two streams, at the throat of the 
furnace, to meet the current of eombuslible gases rising from the furnace, in front and 
at the back ; and so combustion is completed. 

This range was tested, July 8, 1882, at 153 Queen Victoria Street, London: roast- 
ing a sirloin joint weighing 12 lbs. 13 oz. when it was laid in. The joint weighed 
when roasted 9 lbs. 5 J oz. ; tbe dripping weighed 2 lbs. 2^ oz. ; together, II J lbs. 
The loss of weight was 1 lb, 5 oz,, or 11^ \ieT cenL The joint was roasted in 2 houn 
JO minutes, and it was very well done. Twenty-four minutes more were allowed 
for beating up the oven and maintaining the temperature at 400° F. for pastry. The 
total quantity of coal consumed was 10 lbs. 13 oz. If the joint had been drawn 
ten or twelve minutes earlier than it was drawn, it would have been sufficiently well 
done, and the whole of the work of tbe test could probably have been performed with a 
coDBumption of 10 lbs, of coal. 

3. Charles Wilson.— Gas Cooking-Stove, of type 4, already defined (p. 109) as 
being heated by atmospheric jots inside at the bottom. In this stove, compared with 
that of the same exhibitor which was tested at South Kensington, the speciality is that 
it is encafed at the sides and the back by a double air-jacket — each air-space being 
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f-inch wide— 'instead of only one air-jacket, as before, an^ that the number of jets of 
gas has been reduced from 24 to 15, of which 8 jets are on one side, and 7 jets on the 
other side. The oven is 15^ inches wide, 27 inches high, and 16 inches deep. It was tested 
April 28, 1882, roasting a sirloin joint weighing 12^ lbs. when put into the oven. The 
joint weighed 10^ lbs. when withdrawn ; the dripping weighed 9 oz. ; making together 

10 lbs. 13 oz. ; showing a loss of 1 lb. 11 oz., or 13^ per cent. The stove was heated 
to 250** F. in five minutes ; the joint was in the oven for 2 hours, when the temperature 
was 380**. The temperature was raised to 390** at the end of twelve minutes, the time 
allowed for pastry. The total time during which the gas was burning was 2 hours 
12 minutes, during which time 27^ cubic feet of gas were consumed. Of this, 25 cubic 
feet were consumed in heating up and roasting. The joint was very well done. 

4. Waddell & Main. — ^The * Universal Domestic' Gas Cooking-Stove, No. 2 : of the 
same class of gas-stove as that which was tested at South Kensington (see p. 109), 
32 inches high, 16^ inches wide, and 15^ inches deep externally; and 22 inches high, 
13^ inches wide, and 14 inches deep internally. It is lined with fire -tiles, and is heated 
with 18 white-gas burners at the sides and the front and back. This stove was tested, 
Bfay 8, 1882, in roasting a sirloin joint 12 lbs. 1 oz. in weight. The joint weighed 
when withdrawn 9 lbs. 6 oz., and the dripping 1 lb. 9 oz. ; making together 10 lbs. 1 5 oz., 
showing a loss of I lb. 2 oz., or 9*30 per cent. The time required to heat the oven to 
2S(f F. was 12 minutes ; to cook the joint, 1 hour 44 minutes ; to heat up for and cook 
puff pastry at upwards of 400% 1 8 minutes ; for the whole operation, 2 hours 14 minutes. 
The quantity of gas consumed was 29 cubic feet ; and the joint was very well done. 

6. John Wright & Co. — Gras Cooking-Stove, of the same class as the gas stove 
exhibited by the firm at South Kensington (see page 110). The oven is 14 inches 
wide, 14 inches deep, and 28 inches high ; encased in slag wool. A sirloin joint weighing 

1 1 lbs. 14 oz. was roasted in 2 hours 5 minutes ; and it weighed when taken out 9 lbs. 
The dripping weighed 1^ lbs., and the loss in weight was 1 lb. 3 oz., or 10 per cent. The 
temperature when the joint was taken out was 400® F. The oven remained under gas 
for 12 minutes longer to allow for pastry. The quantity of gas consumed was 22*68 
cubic feet; and the joint was very well done. The outlet flue-pipe, 2 inches in 
diameter, had been reduced at the exit to a small opening |-inch in diameter. The 
ventilation was thus impeded, and a close smell was caused in the testing room. 



DEDUCTIONS. 

These results of tests for cooking sirloin joints are excellent. The Close-fire 
fiange of R. W. Crosthwaite, with Gregory's Furnace, is particularly good, although it 
has but very recently been introduced. Its operation will no doubt be improved as 
experience is gained ; and it is likely to take the lead for economy of fuel. 

The eflBciency of Charles Wilson's Gas Cooking-Stove appears to have been augmented 
in consequence of the employment of a double air-casing. For, whilst with the double 
casing, tested at Manchester, only 27^ cubic feet of gas were consumed, with the single 
casing, as tested at South Kensington (p. 110), 45^ cubic feet of gas were consumed. 
Waddell & Main, in testing an oven at Manchester of the same description as that 
which was tested at South Kensington, consumed much less gas than before : 29 cubic 
feet against 45 cubic feet. The saving of gas is apparently accounted for by the dif- 
ference of time : 2 hours 14 minutes against 3 hours 3 minutes at South Kensington 
(see p. 110) ; together with improved ventilation and escapement. 

D. K. CLARK. 
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III. REPORT ON TESTS OF DOWSON'S GAS-PRODUCERS. 

The Dowson Economic Oas Company's (}a8-Prodncer was tested at Manchester for the 
production of gas. For the sake of convenience, the report on the results of the test, 
and the report on the Oas Singeing Machine exhibited by Joseph Bobinson & Co., have 
been grouped with the reports on the working of an * Otto ' gas-engine and the heating 
of large roasting-ovens by Dowson Oas at South Kensington, at p. 112. (Plate 65.) 

D. K. CLARK. 




No. 1. J. Hamptos, — Fire-proof Smoke-Consuming Bridge : a hollow bridge of cast- 
iron, doping backwards towards the 6ne. Thelowerpart of the flue at the bridge, or back 
of the furnace, is closed by a cast-iron plate. To this plate is bolted the bearing-plate, 
which carries the upper or hoUow part of the bridge forming the back of the furnace. 
This upper part is made in two pieces, for eaay erection ana easy removal. The front 
portion la made with numerous perforations, through which a supply of air from the 
interior — heated to a greater or less extent — ia delivered in streams into the fire-place, 
to mingle with the gaseous products of combustion, for the purpose of consuming them. 
(Plate 70.) 

This bridge was examined and tested at the works of Messrs. Chidley, Phillips & 
Co., distillers, Stratford, on July 11, 1882, where it was at work on the steam boilers. 
The boiler to which attention was directed was a Cornish boiler, 7 J feet in diameter and 
30 feet long, with a flue 2 feet 9 inches in diameter. The fire-grate was 6 feet in length. 
The smoke was considerably reduced by the employment of the bridge, in consequence 
of the admission of air from the bridge through the perforations, which were twenty-one 
in number and § inch in diameter. Nevertheleas, it was Decessary to keep opeo the 
fire-doors occasionally, in order to reduce the smoke, the small coal used being of a very 
smoky character. New bridges were in course of being substituted by Mr. Hampton, 
haying fewer and smaller apertures ; and it was stated that the performance of the 
boiler was improved by the substitution : evidence apparently that too much air had 
been admitted through the earlier bridges, so as to affect the supply of steam. The 
Hampton bridges have proved to be very durable wherever they have been erected. 

No. 2. James Moore, — T. Nutt's 'Patent Economising and Smoke-consuming' 
Furnace. As applied to a Comiah Iwiler, there are four firebrick diaphragms built across 
the flue-tubes, dividing it into four compart.ments. The first diaphragm is built just 
behind the ordinary bridge at the back of the furnace, and is constructed with openings 
between the bricks at the upper part for the draught. The second diaphragm consists 
of a small steam boiler or tank, occupying the lower half of the flue, surmounted by a 
solid brick wall occupying the upjier half. The small boiler is formed with an arch 
over the lower part of the flue, through which the draught passes. It is supplied 
automatically with wat«r from a cistern at the front. The third diaphragm is solid for 
the lower half, and is made with numerous openings through the upper half for the 
draught. The fourth diaphragm, placed at the far end of the flue-tube, is made with 
openings through the lower half for draught. By such a disposition of diaphragms, the 
undulations of draught produced are conducive to intermixture and combustion. In 
addition, the steam from the small boiler in the second diaphragm is discharged in 
numerous small jets from a perforated pipe at the back of the small boiler, thus forcibly 
intermixing the elements. (Plate 71.) 

This system was tested for smoke prevention on the Comish boiler at Betts's 
MW-mill, Homerton. The boiler was 4^ feet in diameter and 18 feet long, having a 
flue-tube 3 feet 8 inches in diameter. The fire-grate was 5^ feet long. The door was 
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formed with six air-slota 4 inches by | inch wide. Fired three times with common stuck 
in the course of half an hour, the smoke, taken together, was visible for only 2^ minuter. 
I'lie deepeat shade was No. 3 siuoke-ahade, except once, whilst a very heavy fire was 
charged, when amoke of No. 5 shade passed firom the chimney, and entirely disappeared 
within IJ minutes. 

From the reports of reaulta of teats made, in May and June 1880, at the Western 
Pumping Station of the Metropolitan Board of Works, of No. 4 boiler, aet on Mr. Moore'* 
mystem, it appears that, whilst smoke was nearly all prevented, an evaporation of 8*88 lbs. 
of water supplied at 90° Fahr. per pound of coal was effected, and that an uddi- 
tional pumping duty of 20 per cent, was performed. 

No. 3. Thomas Henderson. — Furnace-front and Fire-door. The door is balanced, 
and turns on a horizontal axis at the lower side. It is made with two leaves direct^l 
towards the ftirnace, by one of which the doorway is closed, whilst the other leaf is in a 
horizontal position, forming a continuation of the dead-plate. The door-leaf is hollow, air 
being admitted from below into the cavity, where it is partially wanned, and whence it is 
delivered through perforations in the inner plate into the furnace. The door can be 
adjust«d on its axis to admit air into the furnace through the doorway and, at the same 
lime, at the dead-plate. When the door is turned downwards — a movement which can 
be effected by a stroke of the shovel — the door-leaf may be lowered into a horizontal 
position level with the dead-plate, when the furnace can be stoked, after which the door 
is restored to its usual position. When it is required to clean the fire, the door is tonied 
down still further — below the horizontal position— so as to present a sloping suriace, 
upon which cHnker and ash are received, and from which they are discharged into the 
ashpit, whilst the dead-plate leaf hangs as a screen, vertically downwards, and jirotecta 
the stoker. The furnace-front Is double, and is so constructed that current* of air pass 
through it, and arc delivered warm into the fnmace. (Plate 71. ) 

This apparatus was tested for smoke, June 23, 1 882, at the works of Messrs. Wright A 
Co., Wharf Foundry, Bolton, where it was applied to one of the steam boilers. The boiler 
was 6 J feet in diameter, having two flue-tubea 2 J feet in diameter. The grates were 6 feet 
long. The steam pressure was 45 lbs. per square inch. The fuel used was slack, con- 
sumed usually at the rate of 6 cwt. per hour. Smoke, usually of from No. 6 to No. 7 
smoke-shade, was discharged after every levelling and firing, whilst the door was set 
open as much as one inch on each occasion. The smoke cleared off in from one t*i three 
minutes after firing. As firing took place ten or eleven times per hour, the total duntiou 
of smoke was at least 20 minutes in the hour. 

No. 4. R. W. Crosthwaite. — C. B. Gregory's Smoke-Burning Furnace applied to 
Cochran & Co.'s Vertical Boiler: an adaptation of Gregory's furnace already described 
(p. 56) for generating steam. Cochran &Co.'s boiler is constructed with a semi-spherical 
fire-box, 3 feet in diameter at the fire-grate, from which, at one side, the products of 
combustion pass into a combustion-chamber above, thence Ihrongh a number of horizontAl 
flue-tubes into the smoke-box and the chimney. The ashpit was thoroughly closed for 
the purpose of the trial ; and the fine from Gregory's furnace was conducted into the 
lire-boi of the boiler, through the doorway, which was curtailed by firebrick to form a 
jNissage-way 9 inches wide by 2 inches high. The fire-grate of the Gregory famace wa* 
17^ inches by 8J inches, and the throat, or way out, was \1\ inches by \\ inch. Two 
streams of heated air entered the throat at opposite sides, through openings 17^ indies 
by 1 inch high. (See Adaptation to a Lancashire Boiler, Plat« 19.) 

Two days' tests were made. On the first day, the apparatus and the boiler were 
tiMitcfi together; the second day, Gregory's furnace was disconnected, and the boilvr 
wan tested in its ordinary condition. The fuel consumed was Silkstone coftl. The 
following are the leading results {Tablv XXXIII.):— 
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Table XXXIII.— GEEGOEY'S FUENACE FOE STEAM BOILEES versus 

THE OEDINAEY BOILEE. 



Data 



Date of test 

Duration of test 

Ck>al consumed 

Do. do. per hour 

Clinker 

Ash 

Feed water, temperature 

Do. consumed 

Do. consumed per hour .... 
Do. per lb. of coal 

Period during which smoke was visible 

Maximum smoke-shade 

Average smoke-«bade for the whole period of trial 



Gregory furnace connected 
to boiler 


Ordinary boUer 


May 1, 1882 
8 hours 


May 2, 1882 
8 hrs. 21 min. 


188 J lb. 
23 56 lb. 


229i lb. 
27-60 lb. 


Jib. 
25i lb. 
67-6° Fahr. 


2Jlb. 
61b. 
62^ Fahr. 


J 10 cub. ft. 
1 1 1 HfiC lb. 


10 cub. ft. 


1 186-6 lb. 


2-375 cub. ft. 


2-28 cub. ft. 


Q2^d lb. 


6-17 lb. 


18 min. 


6 hrs. 40 min. 


No. 1 


No. 8 


004 


2-86 



These results show practically an entire freedom from smoke for the Gregory furnace, 
and for the boiler with the ordinary furnace an average smoke-shade nearly No. 3, whilst 
the maximum was No. 8. The quantity of water evaporated per pound of coal with the 
Gregory furnace was upwards of 20 per cent, more than without it. 

No, 5. Thomas Henderson. — Mechanical Stoker : for firing small coal or slack. The 
slack is charged into a hopper, in which it is crushed, as required, and carried downwards 
by a revolving toothed roller, which beats opposite a pressure-plate. The width of the 
clearance between the roller and the plate is regulated by means of a screw, for the 
purpose of regulating the feed of coal to the furnace. The coal is dropped upon two 
horizontal fans or propellers, formed with fins, by which the fuel is propelled into the 
furnace upon the fire-grate. The fans are caused to revolve on vertical spindles, by friction- 
wheels, which are below them and support them ; the wheels being keyed on a horizontal 
transverse shaft driven by means of worms and worm-wheels, by power from a small engine, 
placed near the boiler. The furnace-bars are reciprocated by means of a rocking crank- 
motion, in which there are two sets of cranks at right angles. Whilst every dtemate 
bar rises and falls | inch above and f inch below the regular level, the intermediate bars 
have a longitudinal movement of 1 inch to and fro, in order to break up clinker as it is 
formed, and carry it backward over the bridge, and to cause the coal to travel backward 
as it bums. (Plate 72.) 

Mr. Henderson's stoker is at work on several boilers at the Dean Clough Mills of 
Messrs. Crossley, Halifax. The boilers are 7^ feet in diameter, and 23^ feet in length, 
having two flues 3 feet in diameter. The grates are 3 feet 10 inches in length, having a com- 
bined area of 23 square feet. It is stated that 5 tons per day of Charlston nut-slack can 
be burned oif ; but that 3^ tons is as much as can properly be consumed in a day of 
9^ hours, being at the rate of nearly 7^ cwt. per hour. From official returns of the 
results of special tests at Dean Clough Mills it appears that 6*70 lbs. of water was evaporated 
per pound of nut-coal from the temperature of 50** F. into steam of 70 lbs. pressure per square 
inch, by hand-firing ; and that 8*31 lbs. of water was evaporated per pound of nut-coal from 
the temperature 184** F. into steam of the same pressure, with the mechanical stoker. 
Making due allowance for the higher temperature of the feed-water, the equivalent 
quantity of water evaporated from 50° F., with the mechanical stoker, is 7*10 lbs. per 
pound of coal, being 6 per cent, more than was evaporated with hand-firing. 

Henderson's mechanical stokers, at work on the three Cornish boilers at the Siurrey 
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engine-house of the Siurej Commercial Dock, Eotherhithe, were tested for smoke-preven- 
tion, July 7, 1882. The boilers are 5J feet in diameter, and 25 feet long, having each one 
fiueSJ feet in diameter. Thefir&-barsare4feet 8 inches long, making 15 square feet of area. 
The pressure of steam waa 80 lbs. per square inch. Observations were made for one hour on 
the performance of one of the boilers. During that period 3J cwt. of small houaehold- 
coal was burned off, being at the rate of 28 lbs. per square foot of iire-grate per hour. The 
rate of feed of the fuel was occasionally greater than could be accepted without forcing 
the fij-es, and causing a considerable evolution of smoke, the feed-apparatus appearing to 
be somewhat uncertain in action. In the course of one hour, the fire-doors were opened 
on six different occasions, for the purpose of dressing the fire by levelling the fuel, which 
lay mostly about the middle region, and throwing up the loose coal which collected on 
the dead-plate. The smoke-shade was usually No. 7 or No. 8 when the fire was thus 
manipulated. The total duration of smoke was 20 minutes in the course of the hour, 
and the average smoke-shade for that time was 3-7 ; and, averaged for the whole period 
of one hour, it was one-third of that shade, or 1-23. 

No. 6. E. Bennis. — Mechanical Stoker ; in which small coal or slack is scattered 
over the grate, from the front, by means of a shovel over the doorway : — sii ounces of 
coal at a time. The shovel is actuated by helical sprincs, which are put in tension by 
means of a 4-cam shaft across the front of the boiler, of vmich the cams have four degrees 
of throw ! HO as to graduate the tension on the springs according to the length uf tra- 
jection required. The fire-bars are caused to reciprocate by means of cams on a horizontal 
shaft across the front of the boiler, in such a manner that the bars are slid backward 
simultaneously into the fire-place, carrying the fuel with them ; these remain stationarir 
for a very short time ; and are next drawn out, two at a time, without disturbing the 
fire. In moving inwards together, the fire-bars keep in one plane, rising slightly as they 
advance; the length of the travel being 1^ inch. In returning, each bar is lift*^ 
^ inch at the camshaft, for a length of half an inch of the return travel, for the purpose 
of breaking up clinker ; then the bars fall to the level, and complete the return travel 
The fuel is fed by means of a crushing roller at the base of the hopper ; tlie feed being 
regulated by reciprocating flaps. (Plate 73.) 

Bennis's mechanical stoker is at work on the end one of a range of Lancashire steam 
boilers at the Hope Spinning Company's Mills, Failsworth, Lancashire. The boilers are 
7 feet in diameter, and 30 feet long ; Laving two flne-tubes 2 feet 9 inches in diameter. 
The boiler fitted with the stoker and the one next to it, fired by band, were test^rd 
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D*ltattti>l 1 




Jn,.cM.l8a» 


Juw>H.imi 1 


Svett-m of BtiikiDg 

Time Bt work .... hours 

Do. consiiiued .... cwla. 
Do. da per hour . . ewta. 
Dii, Am. do. per aqunre Togt of 
gtU« IbB. 

Fred-wiiler, tvntperature . Fihr. 
Do. coiwumed . . . cub. ft. 
Po. dn. per hniir . cub. ft. 
Do. pcrlb, ofTOiil . . .lbs. 
Do. do. MuivHlotiliVoniandMaiS' 
F«hr. . . . . . lh«. 


Meohfuiical 

7-71 

30-9 

100° 
872-6 
124-7 
B06 

10-20 


S-67 
SO-1 

lIKf 

820-7 
1I8-.5 

7-06 
8-81 


89-4 

104" 
7ft1I 
146-4 
&«4 

11-33 


lUni-tMtm 

& 

87 

7-06 

SS-9 

104* 
687-8 
IWM 
7-80 
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together, for rate of combustion and evaiwrative efficiency. Two several tests were made 
of each boiler : the first day, burning burgey, or coal in email pieces, as large aa, or a little 
larger than, walnuts ; the second day, burning slack. The fire-grates of the first boiler 
were 5 feet 2 inches long, and had a combined area of 28 square feet. Those of the 
second boiler, band-firing, were 6 feet long, having a combined area of 33 eqnare feet. 
The principal reaulta of the two days' teats are given in Table XXXIV. The feed- 
water waa in every instance passed through Green's Economiser, and was delivered 
to the boilers at a temperature of about 200° F. 

The foregoing results show greater quantities of water evaporated per hour by the 
' mechanical stoker than by hand-firing : by 5 per cent, on the first day, and i5 per cent, on 
the second day. Likewise, a greater evaporative efficiency with the mechanical stoker ; 
by 17 per cent, on the first day, and 26 per cent, on the second day. It appeared that 
burgey was not so well siuted for the operations of the mechanical stoker as alack — probably 
because it was more elinkery than the slack. On the first day, it was necessary to dreaa 
the fire of the mechanical stoker about twice an hour ; loosening the clinker, and throw- 
ing on the fire the loose coal that dropped at the dead-plate. The hand-firing holler 
required to be thoroughly cleared of clinker, and remade, in the middle of the trial, though 
it had been cleaned just before the trial was commenced. As the burnt gases from 
several boilers were delivered into one chimney, there was not an opportunity of observing 
the smoke-ahades, if there were any, firom the mechanical stoker. But it happened, 
occasionally, that the chimney was quite clear of smoke ; and it was argued that, as the 
mechanical stoker worked under uniform conditions, if it was clear of smoke at any time, 
it must always have been clear of smoke. It remains unascertained whether the occasional 
dressing that was necessary did or did not raise any smoke. 

No, 7, The Chadderton Ironworks Compa?iy. — McDougall's Mechanical Stoker: 
feeding the fuel by pushing it into the furnace, and carrying it back by means of 
reciprocating fire-bars. The fuel descends from a hopper by gi'avitation, and is pushed 
in upon and over the coking-plate by the agency of a ram, to which a reciprocating 
movement is communicated, by means of an escentric on a transverse shaft, and a lever 
which is slotted so that the travel of the ram may be varied. The ram is of leas depth 
at the middle than at the sides, in order that the greater proportion of the fuel may be 
delivered next the aidea of the furnace. The feed of the fuel is also adjusted by means of 
a vertical sliding-plate. The coking-plate, upon which the fuel is first deposited, pro- 
jects a short distance into the fiimace, to facilitate coking; and it is provided with 
apertures for the admission of air, to ignite the fuel before it reaches the bars. All the 
fire-bai? are movable; they are supported at their outer ends on a transverae shaft, con- 
sisting of a series of cranka or excentrics having a throw of half an inch, turned out of 
a solid bar of steel on three centres pitched at angles 120 degrees ajiart. Each bar is 
carried by its own exc^ntric, and its motion is one-third of a revolution before or after 
that of each of the contiguous bars. The bars thus acquire a compound longitudinal 
and vertical movement at the front, whilst their inner ends rest, on a bevilled cast-iron 
bridge, rising as they advance inwards, and the neighbouring bars falling as they are 
drawn outwards. By these combined movements of the bars the fuel is carried inwards, 
and the clinker is broken. The motion of the 'eccenlricated shaft' is derived from 
pulleys of three speeds. (Plate 74.) 

McDougall's Stoker was tested, July 1, 1882, at the Crescent Bleach Works, Salford, 
on one of a number of steam boilers there. The boiler was 7^ feet in diameter and 
30 feet long ; having two flue-tubes, 3 "feet in diameter, with grates 5 feet 2 J inches in 
length, making a combined area of 31^ square feet of grate. The trial lasted six hours, 
during which time 28 cwt. of slack was consumed, being at the rate of 4| cwt. per hour, 
or 1 6*7 lbs. per square foot of grate-area per hour. Of feed-water, 457-3 cubic feet was 
evaporated at atmospheric pressure, being at the rate of 76'22 cubic feet per hour, or 
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S'lOlbs. per pound of slack from 57" F., equivalent to 10'561b8.per pound of alack, from 
and at 212° F. 

The tiree required a considerable degree of attention. They required to be opened 
up eleven timea in the course of six hours, or every half an hour, arising probably from 
the fact that the rate of feed was excessive in relation to the capacity of the fire-Vwr* for 
carrying forward the fuel. The doorway became clogged with slack, and the feed of fuel 
waa Buspended several times, making tt^ether 100 minutes of rest for the left-hand few! 
and fiO minutes for the right-hand feed. Yet the fires were bright near the back of 
the furnace. The deficiency of the carrying power of the fire-bars may be accounted for 
by their very limited traverse, only ^ inch to and fro — the shortest travel that has corns 
under notice in the course of the tests of Mechanical Stokers. 

The eccentric bearings for the fire-bars, exposed to a considerably high temperature, 
required to be greased at intervals of three-quarters of an hour. 

Benjamin Goodfellow. — Johnson's Smoke and Fume Washer was exhibited in 
. model. It was tested, June 28, 1882, at the works of the exhibitor, Hyde, for smoke 
prevention only. The apparatus consists of an enlarged flue through which the pro- 
ducts of combustion paaa on their way to the chimney. It is made of strong timber, 
put together airtight. The lower part of the flue is a water-tank divided into com- 
partments, each of which contains a dash-wheel, like a paddle-wheel, having a number 
of spikes or prongs fixed on each block at the circumference. As the wheels revolvi-, 
the prongs are dipped into the water in such a manner as to raise a contini^ spray, 
which is traversed by the current of snioke, and by which the smoke is washed. Each 
wheel is succeeded by a screen coroposed of coke^ laths, or other suitable materia, 
through which the current passes, and by which every solid particle is arrested. By 
means of a &n placed be^nd the screens, the draught is maintained undiminished. 

By the operation of the smoke washer, the smoke current was cleansed of all solid 
particles, and was lightened in shade to a material extent, issuing from the chimney of 
the apparatus, of a bluish colour. 

It has been ascertained by Mr. Estcourt, the City Analyst, Manchester, that when 
water alone is used in the apparatus, a proportion of from 75 to 80 per cent, of Uii" 
sulphurous acid gas is intercepted; and that, by dissolving soda or lime in the water, 
the whole of the acid can be taken up. 

The object of the invention is chiefly to intercept the sulphurous gas from smoke, 
and to prevent [>oisonous impurity escaping into the atmosphere. 



REMARKS ON STEAM BOILER APPLIANCES. 

J. Hampton's Fireproof IJridge is distinguished chiefly for its durability. jA«F-t 
Moore's Perforated Firebrick Partitions have no doubt proved instrumental in not only 
diminishing smoke but also in economising fuel by increasing the evaporative efficiency. 
These results clearly follow from the means provided for mixing the currents of combus- 
tible gases and air, and the partial detention of the hot gases between the partitioDa. 
Thomas Henderson's Furnace-front and Fire-door are conveniently worked, and are es- 
pecially serviceable on board steamships, where the balanced door remains in oue pomtioa 
irreepective of the movements of the vessel. R. W. Chosthwaite's exhibit of Mr. 
Gregory's application of his furnace to a steam-boiler supplied powerful evidence, if such 
had been necessary, after the evidence . previously accumulated, of the soundness of Mr. 
Gregory's system of smoke-burning furnace, in the absolute freedom from smoke after 
t he fire was got into working condition ; the very slight appearance of smoke even at 
the commencement J and the complete combustion with a very limited eurplas of air. 

Thomas Hesrerson's Mechanical Stoker appears to have been defective in unequally 
distributing the fuel over the fire, involving the fi-ei]uent opening of the d'jor uad dreesing 
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of the fire. It could not, according to the results of the test, be forced without discharg- 
ing a considerable degree of smoke at the chimney. E. Bennis's Mechanical Stoker was 
worked with a fire-bar movement by which the advance of the fiiel and the clinker towards 
the bridge was ensured ; at the same time that the fuel was spread with a fair degree of 
unifonnity where it was required. In consequence of such regularity of action, this 
stoker made a remarkably high percentage of economy of fuel and efficiency of evaporation 
compared with the performance by hand-firing. The performance of the Chadderton 
iROMWOfiKS Company's Mechanical Stoker, by Mr. McDougall, appears to have suflfered 
by the very limited traverse of the fire-bars, which was only half an inch, and the appa- 
rent inability to carry inwards the fuel, and carry ofl^ the clinker with sufficient rapidity. 
The limitation of the traversing movement to half an inch incurred a want of due 
proportion between the coal-feeding power of the ram and the conveying power of the 
grate. It appears to be incident to the construction of the ' eccentricated shaft,' which, 
as a shaft, could not conveniently be made of a much greater degree of eccentricity. 
These conditions imposed the necessity for very frequent manipulation of the fire-place. 
The frequent lubrication required by the eccentricated shaft and the ends of the fire-bars 
indicated a liability to wear, by which the length of traverse of the fire-bars must be 
gradually reduced — a reduction which could not well be afforded where the traverse 
originally is very short. 

D. K. CLARK. 
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V. EEPORT ON FUENACE FOE GENEEAl HEATING PORPOSES. 



Michel Perhet exhibited a furnace — the Multiple-Staged Fumaee — well designed for 
the purpose of thoroughly consumiDg any kind of fuel, and particuLifly adapted for the 
combustion of refuse and wasted fuel, even such as may discharge 30 per cent, or 40 jw 
cent, of ash. ( Plate 75. ) 

The furnace eouBista of a cubical chamber of brickwork containing a series of 
firebrick shelves, one above another, upon which the fuel is spread, and is gniAaaWj 
consumed. The chamber is 3-28 feet wide, by 6 feet by 4'10 feet. There are foai 
shelves, each 5 feet long, being 1 foot shorter than the furnace-chamber. They reach 
from the front and the back alternately, and the fuel may be lowered from one to 
another successively. The fmnace ia, in the first place, heated to a red heat by burning 
wood on all the shelves, as well as in the ashpit; then each shelf receives a first cLirge 
of the fuel. At the proper time, the fuel is lowered by means of suitable fin-irons 
introduced through doorways in the front of the furnace, from each shelf to the shelf 
below it, on which it is evenly spread j and the uppermost shelf, now empty, receives a 
fresh charge of fiiel. This process of arranging and charging the fumuce is repcatwl al 
intervals of twenty-four, twelve, or six hours, according to the strength of the heat 
required. The rate of combostion is as follows : — ^J 



24 hoDiB interval 



0'41 Iba. fuel per sqixare foot per hour 

0-83 lbs. 

1 tM Iba. „ „ 



These quantities are taken as for pure fuel, ashes excluded. The quantity of air 
admitted is regulated to a nice degree of exactness. It is heated to 570" F., it may be, 
and is admitted exclusively at the entrance to the ashpit. The Perret furnace is 
successfully at work in many places : for evaporating liquids, for stoves of all kinds, and 
for li eating-apparatus. 

The Perret furnace, for want of suitable conveniences, was but partially tested. Its 
merits as a generator of heat, and a Bup]X)rter of high temi>erature, with complete 
combustion of fuel, without smoke, were in daily evidence during the Exhibitions at 
South Kensington and in Manchester. 

D. K. CtARK. 
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TI. REPORT ON TESTS OF ACCESSORY EXHIBITS. 

1. Joseph Kershaw & Co.'s Non-conducting Composition for coating steam boilers, 
pipes, &c. The base is blue marl, which is treated with chemicals, and mixed with 
vegetable fibre. The composition was tested for non-conduction, June 30, 1882, 
at the works of the exhibitors, Hollinwood, near Manchester. Two cast-iron pipes, 
exact duplicates, were prepared for the purpose. They were 3 inches in diameter inside, 
and 3f inches outside, and 5 feet 11^ inches long, closed and made steam-tight with a 
plate at each end. One of the pipes was bare, having only received a coat of black 
yamish. The other pipe was coated with the composition, 2-^ inches thick, making 
up the external diameter to 7| inches. The pipes were laid, in the open air, at a 
height of 4^ feet above the ground, parallel to each other, about 3^ feet apart, with a 
sli^t fidl towards the outer ends, in order to collect and drain oflF the condensed steam. 
A slight shelter was erected above the pipes to place them in the shade ; but there was 
firee circulation for air. Steam, nominally of 30 lbs. pressure per square inch, 
was conducted from a vertical boiler, by a ^inch tube, to the pipes, branched so as 
to canr equal and independent supplies to them, and connected to each of them 
through the end plate nearest to the boiler. This tube was thoroughly coated with 
composition, ^ inch thick, in order to prevent condensation in it, and that diy steam might 
be delivered to the pipes. The weather was sunny, mild, dry, with very little wind. 

The test lasted exactly one hour. The pipes were thoroughly blown through and 
heated before the taps were closed ; and the test was held to commence when the taps were 
dosed. Steam from the boiler, having an average pressure of 28^ lbs. per square inch, 
was freely admitted to the pipes, and it was shut oflF at the end of one hour. The 
drain-taps were at the same time opened, and the water was collected from each pipe 
separately: from the bare pipe, 4 lbs. 10:J^ oz. ; from the coated pipe, 1 lb. 15^ oz. 
The difference was 2 lbs. 1 1 oz. — the measure of the non-conducting property of the 
coating — making an economy of 58 per cent, of the steam condensed in the bare pipe. 
The temperature in the shade was 70** F., and that of the steam was 272''-3 F. ; or 
202**'3 above the atmospheric temperature. The loss of heat by conduction was mea- 
sured by the latent heat — 922*5 units per pound of steam condensed ; and the total 
loss of heat was — 

For the bare pipe .... 922^ units x 4*64 Ibe. » 4,280 units of heat 
„ coated pipe . . . 922| „ x 1*96 lbs. = 1,799 „ 

The external superficial area of each pipe was 5*62 square feet, and the loss of heat 
per square foot of surface was — 

For the bare pipe 4,280 units-f-5-e2 « 762 units 

„ coated pipe 1,799 „ -f-5-62-820 „ 

Finally, the loss of heat per degree of the difference of temperature, 202^*3, was — 

762 unit8-r-202*3 « 8°-77 per degree of difference of temperature per hour 
820 „ H-202-3-r;68 „ 

2^-19 saving 

z2 
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This result — 2'''19 — as a measure of saving, exceeds what has been ascertained, else- 
where, hy careful experiment.' 

A few observations were made of the superficial temperatures at the outer surfec«« 
of the bare pipe, and the coating of the other pijie, by placing ordinary boxwood ther- 
mometers, face downwards, upon them ; also a thermometer on a metal plate, of which 
the bulb could be placed in contact with the surface. The following were the average 
results of several observations : — 



105 



83* F. 

86} 



106^ 



Wlien it is considered that the atmospheric temperature was 70°, the excess of tem- 
perature at the surface of the coated pipe — from 12° to 18^° — appears to be stnall. 
But these observations of temperature are only submitted as general indications of 

relative temperature. 

2. James Stott & Co., Self-acting Gas-valve, or Governor. The object of tliis 
governor is to prevent over-pressure on gas-jets, and the waste which is caused by it j 
and what is required is an unvarying outlet-pressure, though there maybe a varying inlet- 
pressure. A thin inverted cup or float, made of BariTs anti-corroding iron, dips inlo 
an annular porcelain trough of mercury formed with an inner shield for preventing lot* 
of mercury, whatever may be the position of the instrument. The inverted cup is fixed 
on a vertical spindle, on the lower end of which a double-beat valve, having discs of 
equal diameter, is fixed, and on the upper end of which are placed the weights by 
which the valve is loaded. The pressure of the gas admitted by the inlet-pip« 
acts upon the inner surface of the cup. The cnp, therefore, rises when the preasore 
of gas is augmented, and by the same movement the double-beat valve proportionally 
closes the thoroughfare for gas through the instrunient, and, by wiredrawing the carrent, 
prevents the outlet-pressure from rising. When, on the contrary, the inlet^preasore 
falls, the cup falls, and the valves are opened wider ; a proportionally larger cturenl 
of gas is allowed io pass, and the outlet-pressure is prevented from falling. (Plate 75.) 

This governor was tested, June 28, 1882, at the works of the exhibitors, Oldham. 
A 4-inch governor, suited for 800 lights, was tested at \'arious inlet-pressures with one 
burner — Bray's No. 4 union jet, which consumes 4 cubic feet of gas per hour, under a 
pressure of 1 inch of water. It was tested also for 2 burners. The outlet-pressure was 
adjusted at 0*.5 inch for an inlet-pressure of 1 inch. 



4-niCB GoTKUKtiR. 
I burner, OS inch 



2 burners, 0-S inch 




The next tests were made with a I-inch governor on a 1-inch metre far 10 lights: 
first, under a constant inlet -pressiu-e, with different numbers of lights; second, onder 
varying inlet-pressures: — 

1-lITCH GoVEaKOR, 

.^■0 inch 
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l-llTCH GovERNOK — (continued). 




Inlet-|inarai« 


Bnmcn 


Ontlrt-pfresiura 


1 inch bare 


12 


0-66 inch 


2 inch 


12 


0-66 „ 


8 ,. 


12 


0-66 „ 


4 „ 


12 


0-66 „ 


6 ,. 


12 


0-66 „ 


6 „ 


12 


0-66 „ 


7 » 


]2 


0-625 „ 


8 „ 


12 


0-6 inch fuU 


ft ,. 


12 


06 „ 


8 inch 


2 


07 inch bare 


1 ,, 




• 07 inch 


2 „ 




0-7 „ 


3 ,, 


1 


0-7 „ 


4 „ 




0-7 „ 


6 » 




0-7 „ 


e „ 




0-7 „ 


8 „ 




0-7 „ 



The shop meter, a |-ineh meter for 5 lights, was tested by lighting up all the jets 
in the workshop, 29 of No. 6 Bray's burners, together with a tinman's stove passing 15 
cubic feet of gas per hour. Several of the lights were turned off successively, with the 
following residts : — 

J-iNCH Shop Mbter. 

Inlet-preesore Burners Ootlet-preasore 

2*4 inch 29, and stove 0*46 inch 

2-4 „ 12, and stove 0*60 „ 

2-4 ., 1 0-66 ,. 



99 



This test was very severe : it was made with a meter that was stated to be adapted 
for only five lights^ The loss of pressure by frictional resistance was considerable. 

The results of the tests, above reported, prove that the scope of the Stott Governor 
is very wide, and that its control of the pressure is amply satisfactory. 

D. K. CLARK. 
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EEPOET OF MEETING 

Heldj by kind permission of the Duke of Westiainster^ at Grosvenor House^ on Friday^ 
July 14, 1882, /or the purpose of receiving the Reports of the Committees and 
Jurors in connection with the Exhibitions and Tests at South Kensington and 
Manchester y and making Awards. Also to consider the advisability of giving a 
permanent character to the Movement by the formation of a Smxuke Abatement 
Institution. 

His Grace the DUKE of WESTMINSTEE, K.G., Presided. 

The meeting was largely attended, and among those who were present were — His 
Grace the Duke of Bedford ; the Right Hon. Viscount Bridport ; Lord Mount-Temple ; 
the Right Hon. Lord Crewe ; the Right Hon. Lord Talbot de Maiahide ; Sir D. Cooper, 
Bart. ; Lady Grosvenor ; Lady Goldsmid ; the Right Hon. G. Cubitt, M.P. ; the Right 
Hon. W. Lowther, M.P. ; Mr. Ernest Hart ; Captain Douglas Galton, C.B. ; Professor 
Abel, F.R.S. ; Professor Chandler Roberts, F.R.S. ; Dr. Quain ; Dr. Corfield ; Captain T. 
B. Hathan, R.A. ; Mr. T. W. Cutler ; Captain A. N. Montgomery ; Miss Shaw Lefevre ; 
Miss Emily Shaw Lefevre ; Mr. George Godwin, F.R.S. ; Mr. W. R. E. Coles, C.E. ; Dr. 
John Wheeler ; Dr. E. T. Ensor ; the Right Hon. W. Egerton, M.P. ; Mrs. Bompas ; 
Mrs. Wheeler ; Mr. J. F. Wilson, F.R.S. ; Mr. Maurice E. Pollard ; the Rev. Harry 
Jones ; Mr. J. Norman Lockyer, F.R.S. ; Mr. A. Hinckes Bird ; Mr. William Haughton, 
R.H.S. ; Dr. B. Holt ; Mr. Phillips (Manchester) ; Dr. Sutton (Oldham) ; Mr. Scott 
(Manchester) ; Mr. F. Ingoldsby ; Dr. J. N. Vinen ; the Rev. H. Leigh ; the Rev. H. 
Mallett ; Mr. W. Staunton ; Miss Milne ; Mrs. and Miss Moss ; Mr. W. Ellis ; Mrs. and 
Miss Wright ; Mr. Charles Barrett ; Mr. T. Barrett ; Mr. and Mrs. Debenham ; Mr. N. 
B. Dawkins; Mr. S. Wirkworth; Mr. and Mrs. Conway; Mr. and Mrs. Webster; Mr., 
Mrs., and Miss Schollelin ; Mr. T. S. Marks ; Dr. J. 0. Rees, F.R.S. ; E. Gwynne, Esq. ; 
Miss Sharpe ; E. C. Robins, Esq. ; Mrs. Wilson ; Mr. A. J. Ellis ; Mr. D. Kinnear Clark ; 
Mr. H. Thompson ; Mr. W. Pitman ; Mr. R. F. Whier ; Mrs. Alldridge ; Mr. L. All- 
dridge ; Miss G. King ; Mr. G. J. Wild ; Mrs. E. F. Green ; Mr. and Mrs. John Hullah ; 
Mrs. Mark Hammond ; Miss Lankester ; Mr. J. Thompson ; Mrs. Rathbone ; Mr. R. 
Harris ; Mr. George Shaw, C.C, &c. 

The Exhibitors at the Smoke Abatement Exhibitions were also largely represented. 

The Chairman said, before proceeding to the actual business of the meeting, he felt 
he ought almost to offer an apology for occupying the chair on that occasion, but per- 
haps this was not so necessary if those present were good enough to remember that he 
was the owner of many thousands of those grates and chimneys which, while they 
cheered and warmed many thousands of those millions who inhabited smoky towns, also 
dirtied and defiled the bodies and the houses of so many householders in this country. 
It was, therefore, perhaps not so inappropriate as it might seem that he should occupy 



17'J. REPORT OF MEETING HELD AT OROSVEXOR HOUSE. 

the chair on that occasion, and he welcomed all present there that day. He might ssy 
Xa Mr. Hart and to the Committee that he regretted that he had been able, Ihroa^ 
domestic circumstances, to do so little in helping them in the great object in which tfaej 
were concerned. Considering the great and the thoroughly national importance irf 
this subject, both as affecting the health and the comfort of miliions of tlus countiy, 
of those who inhabit all the large towns, as affecting the art*, architecture, painting, 
decoration, and furniture, and also with regard to the great importance of this subject 
in its economic aspect, it must be a matter of great satisfaction to those who were 
interested in this question of the mitigation of a great evil, that the Exhibition, which 
had been held in the winter, had altogether been a very great success. Thoogh it had 
not been in one senseveryattractive, and could hardly compete with exhibitions of Howere, 
objects of art and industry, or cattle shows, which naturally attracted, from their inhcrmt 
merits, great numbers of people, it was satisfactory to note that no less a number than 
116,000 persons visited the Exhibition during the time it was ojien. Very great interest 
in the movement had been excited, as was shown by the present meeting. Mr. Hart would 
be able to tell them something as to the practical results. With regard to kitcheners, 
considerable progress had been made. The question of open grates was still, he might 
say, a great open question. A perfect open grate which, while it would give a cheerful 
fire, would consume its own smoke and economise the expenditure of fuel, had still to be 
invented, but as they intended, by the formation of an Association, to keep the subject 
before the public, and to stimulate inventors, they yet hoped that this dream of tbo 
future would ultimately be realised, and that the vast number of grates in all the large 
towns of England would at last be made to economise fuel, to give a cheerful light, and 
to consume their own smoke. His Grace said he did not know that it was too sanguine 
a wish to Lope that, sooner or later, such a grate would come to the front. They, the 
Committee, believed that if those present would come forward and assist them informing 
an Association, they would arrive at this and other much-desired results, and tlint 
when they did, they would be enabled to go to Parliament with some confidence, to 
make that compulsory which ought to be made compulsory, and unless this wt» so, 
he (the Duke) believed no good would be done. At present they were not able to 
recommend any such thing, but they hoped to be able to do so in the future. The 
work connected with the carrying out of this Exhibition had been a very arduous one, 
and had been well sustained by its founder, Sir. Ernest Hart, by Mr. tJoles, who bad 
given gratuitously all his time to the movement, by gentlemen of eminence in science, 
and others, and they needed greatly to invoke their most invaluable services in the 
future in keeping this matter before the public, and in carrying out the object* of the 
Association. They should ask them and the public generally to further that grai 
national measure against what must be considered a most serious and depressing eril, 
but which, nevertheless, was cajKible of prevention. His Grace concluded by tailing 
uiwn the Chairman of the Committee to piesent the Commitlee's Report. 

Mr. Ernest Haht said, in presenting the General Iteixirt of the ^moke Abatenieilt 
Committee, and the List of Awards, it would not, he thought, be necessary that he 
should read that Report, since the bulk of the Report consisted (as it almost necesiaril? 
must be in the case of such a document) of an historical recapitulation of that whjrii 
had been done up to that time in the way of organisation ; and the KejKirt did n<.>t 
enter upon any speculative considerations, because they (the Committee) dcsimi 
throughout this movement to state the facta as (hey presented themselves, and hoprti 
not to promise more than they saw their way clearly to perform. In connet-tion with 
the Smoke Abatement Exhibition, the Rejwrt would show that a large amount of Mctnal 
Work had been done, and it was the object of the Committee, from the firiit, Ihat it 
should not be merely a display of objects of interest, but thai the relative power of fsicli 
invention to fulfil the pur(K>se for which it was intended should, as far as practicable, be 
carefully tested by skilled experts, under conditions agreed upon with the Exblbitur*. 
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Tlie Committee did not pretend to say that evei-y Kshibitor would feel satisfied with 
the resuhs of the awards. It was, perhaps, not possible, however careftilly the investi- 
gations might have been conducted, however great the precautions adopted, however 
eminent the persons who voluntarily gave their time, however skilled the paid officers — 
that all the results should be either strictly just to the Exhibitors, or that they should 
give complete satisfaction to the unsuccessful as well as to the successful Exhibitors. 
But this the Committee ventured to say, and he ventured to claim on their behalf what 
he believed would be readily accorded, that all that care, energy, and an earnest desire 
for justice could do — all that could be done to provide competent testa, and skilled 
persons to superintend and carry out the testings — had been done. For the first time 
in the history of this country, he believed, there had been carried out at that Exhibition 
a thorough, carefiil, and complete examination of the jjower in the first place of various 
forms of household grates (of which several millione were in use in this town alone), to 
produce economical combustion, and in the next place their relative influence in pro- 
ducing smoke. It was remarkable that in the history of this country so little attfintion 
had been given to the improvement of the domestic grate. He looked upon this aa a 
tentative step, and he trusted that the results which he had then the honour to put 
before Ihe Meeting would be taken as a first contribution towards the subject, which 
had now seriously engaged the scientific intellect of the country. The volume which 
he had the honour to present to the noble Chairman consisted of the Rei>ort of the 
jurors in each department. They included a very valuable aeries of documents, the 
result of some three hundred tests — not only mechanical tests carried out under the 
direction of the Executive Committee, by Mr. D. K. Clark, the testing engineer, but 
also that which had never before been attempted, namely, chemical tests of the flue- 
gases withdrawn from the chimneys of a great variety of domestic stoves and grates 
burning difierent descriptions of fuel. The attempt had been made in that way to 
determine in respect to each grate, not only the relative economy of fuel and the 
amount of heat given out, but also the character of the gases produced in combustion — 
an important factor, if the smoke abatement question was considered from its scientific 
as well as from its popular aspect. For this important series of testings they were 
indebted to Professor Chandler Roberts, F.R.S., of the Royal School of Mines, Chemist 
to the Mint, who, with the assistance of Professor Frankland, F.R.S., had devised and 
carried out an original method of ap]ilying known principles of chemistry to this purpose. 
The results — although they were only first results, and for which, he believed, Professor 
Chandler Roberts would not claim flnaUty — were, nevertheless, in their character, of the 
moat important and interesting kind, and they were greatly indebted to him for the 
active part he had taken in this matter. As to the result of the testings, in all the 
various classes, on which some of the jurors would themselves make a brief statement, 
he might say they had been upon the whole satisfactory to them. The Committee did 
not look upon anything that had been done as indicating the end of the work they had 
in riew; they did not even regard the present use of solid fuel iu the form of coal, or 
in any other solid form, as being the ultimate form in which fuel should be used to 
prevent the production of smoke in this country. Mr. Hart referred (o Dr. Siemens' 
opinions as to the future of gaseous fuel, which, he said, was a mnch larger and more 
important field, and one to which they might lonk for the best fruit of their future 
labours. He should not be doing justice to the opinions and work of Dr. Siemens in 
this matter if he did not state distinctly that on that ground Dr. Siemens had stood 
aloof from the awarding of medals for apparatus intended for the use of crude coal for 
domestic and some other purposes. The Committee had, however, felt bound to recog- 
nise the value of improvements in such grates in the existing state of things. It had 
been a great satisfaction to them to see introduced at the South Kensington and at the 
Manchester Exhibitions a series of onnsiderable improvements, many of them of quite 
recent date, and the direct outcome, so to speak, of the present movement, and many 
A A 
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of thcra extremely effective. Tbey were told, when they commenced the fonnation of 
tbe Exhibition, (hat the first problem to solve was how to prevent kitcheners from 
smoking. Now there was not a house in this country in which it was not possible to 
employ a comparatively, if not a perfectly, smokeless kitchener, using either bittiminous 
or anthracite coal or coke, for either could be used with economy and efficacy, without 
the production of visible smoke. As to oj»en grates, the jurors would be able lo lell 
them that there were a number of open grates of recent introduction, some based upon 
old and well-known principles, which were shown at the Exhibition, many of whiL-h 
were practically smokeless, or very nearly bo, in which ordinary coal as well as anthracite 
coal might be burnt. The Siemens principle had given excellent results, and the gss- 
and-coke grates and kitcheners on this principle had been very successful in the testing- 
houses. Mr. Hart said it was especially to the gas section that they desire<l a large 
number of their friends to turn their attention, for they looked t-o that section as giving; 
the largest promise of the fruits for which they looked, and the Report of the jurors of 
that section would be found of great and novel interest. As to the prospect of the 
movement being made more extensive, he said it was felt that if the Committee were 
to end their work with the Exhibition, and by the announcement of the awards, th«y 
could not hope for that lasting benefit which they trusted that this movement was 
destined to achieve. They had, therefore, after maturely considering the matter, 
determined, having received much encouragement in that view from the public and 
from eminent iiersonages, socially and scientifically, to convert their 8inoke Abatement 
Committee into a Smoke Abatement Association. This they were enabled to do by 
certain powers of the Board of Trade, which would limit the liability of each member In 
the amount of his annual subscription, or such other amount as the member might 
voluntarily chonse to give. The following were stated to be tbe main objects for whi<j> 
tbe Association was to be formed : — 



1. To promote the abntenieat of coal smoke, and oilier noxious products of c 
in cities and other places, in oidei' to render the atmosphere as pare and ati pervious to 
sunlight as possilije, 

2, To check the present serioiiB wnsto of coal. Mid the direct and indirect low and 
damage accompanying the over-prixl notion of smoke imd noxious products of combustion. 

And to advance these objects more particularly in the following manner:^ 

(a) By calling puhlic attention to the lerions pecuniiiry loss, and injury to the hmtOi 
niid comfort, which (irise from toal smoke, and from defective heating, veniilfttiiig, »nJ 
lighting arrangements. 

(6) By stimulating, aiisisling, and encouraging inventors, maanfacttirers, tradent, niul 
others to bring forward, develop, and perfect, new or improved fuels, KubGfmcee, methodii, 
and appHances for the generation or application of heat or hght, and for ooiiBnratttg or 
lessening the production of smoke and noxious products of combustion. 

(c) By conducting pi-actical trials of fuels, np}iaratuR, and systems connected witJi the 
generation or application of hent. or light, and causing reports to be made thiwoon ftw iHo 
guidance, a*»ist(ince, or inforuintion of inventors, traders, iutendiug users, and the pnhtio 
generally. 

(rf) By granting awards, certificates, medals, or prizes in connection with approved fnek, 
methods, or apparatus. 

(f) By eelablishing, or asuisting in establish iiig, pubHc exhibitions, either periudiod or 
otherwise, of appliances pertaining to hmting, venlilating, or lighting. 

(/) By collecting and recording statistiis and information, and making. M>i«tit^, or 
onoouragiiig ux)it>riment8 or researches as to the effects upon the atmoBphCTV. and upon 
Hfi', health, nnd pi-opcrty, of the use of coal and other fuels ; and mennt employrd or to Im 
employed, in connection with heating and lighting. 

{•/) Bv im|>aHitig information, instruction, and aasifiance to local authorities, maun- 
faclHti^rs, wurkmeii, liutiseholdeis, soiiiuita, and the public genei-nlly, whether by meiins of 



lectures, demonsti'ations, pamphlets, written artid'es, or otherwise, in relation to the Hubjact 
of smoke prevention or abatement. 

(A) By joining or coiicuiTing with nny other instil'ition, aociety, or persona, in doing, 
or causing, or procuring to be done, tioy of the thingy iiforea!i.id, or to pi'oraoto legUktion 
anil piirochial and other reguUtions, ur to Fi^ist in the enforcement thm'eof, and of any 
exitittng or future legislation, parochial or other regulations. 

To do all such other things &s may be incidental, or conJnuive, to the iittninineot of the 
above objects, or any of them. 

This, the programme of their work in future, would, he hoped, a^rve to qualify any 
view which his hearers took of their shortcomings in the past ; and the work which 
had been thought good in the past would, he hoped, lead to still better work in the 
future. 

Mr, Herbert Philips (of Manchester), in the absence of Mr, Greg, Chairman of the 
Executive Committee, presented the Report of the Mimchesfer Exhibition. He had, he 
said, received a communication from Mr, Greg, expressing hia great regret at being 
unable to attend, and hia sense of the great importance of the work of the Committer, 
afl it affected Manchester and all other manufacturing tawns, and the large amount of 
good which the influence of the Duke of Weatminater must produce on the movement, 
Tlie Report referred to the Smoke Abatement Exhibition held at Manchester in the latt-er 
end of April and the beginning of May, which was distinctly the outcome of the Exhibition 
held at South Kensington. The Association for the Control of Noxious Vapours of 
Manchester had entered into communication with the Committee, and Mr, Greg had 
consulted with Mr. Ernest Hart, the Chairman, and Mr. Coles, the Hon, Secretary, of the 
Houth Kensington Exhibition, on the matter. Accordingly, at the close of the London 
Exhibition overtures were received at Mancheater to open the Exhibition there. This 
they had the courage to do, not sure of the amount of assistance they should receive from 
the Corporation of Manchester. He might say, however, that they had received great 
assistance from the Mayor and other members of the Association. The Exhibition was 
one of great importance. They all knew the unenviable reputation which Manchester 
enjoyed for its peculiarly foul atmosphere; it was also the centre of a number of manu- 
facturing towns, all of them more or less suffering in the same way, and the mayors of 
which were members of the Committee, the combined population being not less than two 
millions. The attendance at the Manchester Exhibition had on the whole been very 
fair ; in all 32,000 persons had visited the Exhibition in the course of the month during 
which it was open. The Exhibition followed generally the same lines as the one in 
London, a great number of exhibits having been received at Manchester in an unaltered 
form, but in some cases they represented im prove tnent-s on the London exhibits, which 
had been decided upon by the exhibitors in the interval. There was a good deal of pro- 
minence given to the various modes of feeding a tire, and also to the apparatus of manu- 
factories, which naturally received a greater degiee of prominence and attention at the 
Manchester Exhibition than it did in London. The tests which were conducted were in 
a sense a continuation of the London teats. The Exhibition, in its financial result, was 
BO far BuccesBful that they would not be obliged to make any call upon the guarantors, 
though it would probably be found that they had not seciu-ed a profit. During the pro- 
gress of the Exhibition there were lectures delivered by eminent scientific men on sub- 
jects bearing on the objects of the Exhibition, which created a considerable amount of 
interest, and he had reason to believe were instructive to those who heard them. There 
were also articles and reports published in the jiaperwhich was established in connection 
with the Exhibition, and the lociil press took a good deal of notice of the Elxhibition 
during its progress. He mentioned as among one of the pleasing features of interest 
created in the Exhibition, that a good many of the leading clergy at Manchester seemed 
to regard it with peculiar satisfaction ; they coming in contact, as they did, with the 
poorc-st class of the inhabitanis of Mancheater, felt, very strongly what a great eril it wi B 
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that smoke should prevent the inlrodaclion into districts most thickly inbabited of trees 
and open spaces where flowers could be grown. If the atmosphere of a town lilic 
Manchester could not be absolutely pure, it was not, he thought, too much to ask that 
the amount of vegetation which the Londoners were permitted to enjoy might be 
secured for the inhabitants of Manchester. 

The presentation of the awards was kindly undertaken by Lady Grosvenor. 

Mr. Harris, the Chaimian of the Jurors in the Gas Section, made a statement to 
the more important conclusions of hia Report, and said the Committee had been led lu 
consider this section as a veiy important one. They considered that there was a Uige 
field open for gas-heating in connection with cooking; that being the case, special atten- 
tion was invited at the Eshibition for the display of stoves adapted for cooking and 
heating, and also for manufecturing purposes. Those who had had the oppor*unity of 
visiting the Exhibition would recollect that a very large proportion of the spnce allotted 
was given up to stoves of that dcFcription, and that very great care and thought seemed 
to have been bestowed on the exhibits there shown. A careful examination w&s made of 
all the stoves, and it was thought desirable, in determining to whom the awards should he 
given, that these stoves should be divided into three or four classes. It was decided 
that there should be a class of awards for cooking-stoves, another for heating-stoves, and 
another for gas applied for manufacturing purposes. Gas applied for manufacturing 
purposes was the only sub-section to which it had been considered desirable that a gold 
medal should be given ; that gold medal was given to Messrs. Thompson Brothers, nf 
Leeds, for a very useful and effective furnace in which gas fuel was used for burning glass 
and pottery ware. It was given in this eection, because it was considered that the applica- 
tion of gas for this particular purpose was entirely a new departure, and likely to sumily 
a very large and important want, viz. the means of carrying on manufactories without 
the production of smoke; and by its means the operations would be carried ou with 
much greater rapidity and efficiency than in the ordinary form of stoves. Another 
applic;ition of the same principle was that to baking-ovens ; inasmuch as the baking of 
bread was a universal demand, there must of necessity be a large number of baken 
and bakers'- ovens, and they produced a large amount of smoke in lyondon, and if this 
application could be applied, at one swoop a large amount of srnoke would Iw done away 
with. Then as to cooking-stoves, there was a very large display ; practical tests were 
made, and awards were given in proportion to the value of the stoves, so far as the 
jurors were able to judge them. The cooking was supervised by the Lady Superintendent 
of the National School of (,'ookery, to whom they were much indebted, and it was evident 
from the results that a very great advance had been made in the department of g:« 
cooking-stoves ; the general conclusion being that the viands cooked by means of gns 
were certainly in no way inferior to, if not better than, the viands cooked by tli© ordinary 
way. The next department, which was very efficiently represented, was the application 
of gas to heating-stoves. They all knew that there was an objection to heating our room* 
with stoves of a close character ; this would probably somewhat stand in the way, but a« 
a rule these gave very cheerful results, and would not make them regret the absence of 
their ordinary English coal. 

Professor Chjnblf.r Roberts, speaking as one of the jurors in the section of uteam- 
boiler appliances and furnaces, enid the mechanical stokers and other appliances of which 
this class was composed were of sjiecial interest, as it was by their aid that the first 
efforts to abate the nuisance arising from smoke were made. Early in the present 
ccntniy Professor Faraday made some very important investigations, and the reault of 
hie and other investigations laid before a Select Committee of the House of Commons 
gave a great impetna to Ihe work the Committee were now endeavouring to cairy on. 
The appliances of this claFs might be divided into two divisions, those in which finely- 
divided fuel i" scattered over a mass of incandescent fuel, and thoae in which fiicl in 
a finely-divided state y forced on to a mass of burning fuel. Nearly every known 



representative of these various types was exhibited, and many of them admirably 
performed their work. The jury had not considered any particular appliance of 8ufi&- 
cient novelty to merit a gold medal, bnt he might mention as deserving of special 
commendation the appliance of Mr. Sinclair, of Leith, which was remarkable for its 
simplicity, and that of Messrs. Vicars, of Liverpool, which met every contingency that 
was likely to arise in practice. When they remembered that the cload which hnng 
over London contained every day about sixty tons of carbon, it was important to know, 
as they most certainly could, that at least boiler furnaces need smoke no longer. 

Captain Galton said he had been asked to explain why the Executive Committee 
of the Smoke Abatement Society selected certain exhibits for receiving the Siemens' 
medal. It would be in their recollection that Dr. Siemens otfered 100 guineas to be 
given at the discretion of the Executive Committee. They thought, therefore, that it 
was best to select certain objects which would be entirely in unison with the principles 
of what Dr. Siemens had himself invented in the matter of smoke abatement. The 
two exhibits they had taken were the Falkirk Iron Company's double-oven close range, 
and the Dowson gas generator. The Falkirk Iron C-ompany's range was heated on 
Dr. Siemens' principle with coke and gas, and the peculiarity of it was that both the air 
and the gas were heated by means of the gills at the back of the furnace, so as to adopt 
Dr. Siemens' regenerative principle. Aa to the Dowson gas producer, he might mention 
that it produced gas at a cost of about fourpence per 1,000 cubic feet, bnt this gas was 
very inferior in heating power to the ordinarj' gas, and was not, of course, in any way 
applicable to many j)urposea ; bnt for heating parjtoses, the amount of gas which was 
consumed in the experiments which were made, as compared with that of coal gas, was 
four times the quantity ; but, taking the respective prices of coal-gas at three shillings 
and Dowson's at fourpence per 1,000 cubic feet, it followed that the cost of Dowson'a 
gag would be very much cheaper than that of coal-gas. With regard to its motive 
power in engiBes, practically very much the same results were obtained. 

Mr. Ernest Hart stated, in respect to the Ladies' Prize, consisting of 100 guineas, 
♦o be divided between kitcheners and open grates, that the kitcheners had alone come 
np t« that high standard which the ladies had in view, and this prize of 50 guineas it 
had been decided to divide between Mr. T. J. Constantine and the Eagle Range Com- 
pany. The competition in respect to open gratea would still remain open. 

Miss Emilv Shaw Lefevre kindly undertook to present the ladies' prizes, and 
said she had been asked by the ladies of the Committee to express their great interest 
in the movement. 

Mr. W. R. E. Coles announced that the Society of Arts' medal, which Lord Alfred 
Churchill, who was imavoidably prevented from attending, was to have presented, bad 
been awarded to Mr. C. B. Gregory, of New Jersey, for his smoke-burning furnace, and 
stated that some important exhibits had been received from abroad, owing to the 
assistance rendered by the Secretary of State for Foreign Affairs in bringing the 
particulars of the Exhibition before the chief Foreign Governments. The Meeting 
would not be surprised to hear that a successful Exhibitor had come from the United 
States of AmericaT and he (Mr. Coles) was enabled to say that the principle, which Mr. 
Gregory had shown at the Exhibition at South Kensington in a crude form, had, in the 
short inteniTil since, been so far developed that it had, at the present time, been most 
successfully applied to a stove, a kitchener, and a boiler furnace. This, he thought, 
showed practically the goodness of the work in which they were engaged. 

Lady Grosvesor having completed the presentation of the awards in connection 
with the South Kensington Exhibition, 

Mr. Ernest Haut. speaking on the subject of the Manchester awards, said the 
Committee of the Manchester Exhibition Lad done them the honour to approve of the 
methods of testing which the London Committee had adopted, after carefully examining 
those methods, and they had hml the opportunity of observing the great care, the skill, 
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and the labour devoted to that task by their testing engineer, Mr. B. Kinaear Clarlc. 
The Mancheeter Committee had done them and him the honour of appointing turn 
their testing engineer. The awards of the Manchester jurors had tJierefore beep 
made on the same uniform plans as tliose adopted iu London, and the medals were to 
be presented by their Committee at the request of the Manchester Committee, «ho had 
throughout not only carried out this enterprise with their characteristic energy, but 
with the utmost possible discretion, which was also very characteriBtic. They had to 
thank them throughout, not only for their energy, but for the great kindness they had 
shown their Committee in the matter, and be was sure the Exhibitors would say, forthe 
great ability with which that Exhibition had been carried through. 

Professor Abel, in rising to move the first resolution, said Mr. Hart had put before 
them very clearly the work which the proposed Institution had to accompUsh. This 
work, commenced systematically, had for the last two years been most successfully 
carried on by the Smoke Abatement Committee. Individuals who in this and other 
directions had made themselves eminent had from time to time worked energetically 
and successfiilly in the direction of the economic and efficient application of fuel. It 
was, he said, just one hundred years ago that Coimt Rumford, whose name was con- 
nected with so many important subjects, successfully worked in this direction. It was, 
he believed, not long after that Faraday produced the results to which Professor Chandler 
Eoberfs had referred. It was nearly half a century ago that Dr. Araott produced a 
stove which was really the foundation of the most successful stoves of the present day ; 
and twenty-five yeara ago Captain Gallon gave them the grate which stood high in 
public eatimation at the Exhibition at South Kensington. The community at large, if 
it had not exactly shown apathy in the subject, had, from the want of leaders, not shown 
that amount of energy in respect to the abatement of smoke or the more economical 
application of fuel. It was evident that the Committee had very important work ty 
perform in that direction ■ work which had only been commenced ; work, the n&tUK of 
which had only been indicated by the past labours of the Smoke Abatement Committee. 
The recent Exhibition was for a time a source of instruction to all, not only in reference 
to the eihibitB themselves, but as indicating how they should set to work to accomplish 
thiit which had only as yet been foreshadowed — the thorough application of gaseous 
fuel to heating purposes as an auxiliary to cooking. Some important improvements 
had been made in the direction of gaseous fuel appUed to gas heating and cooking- 
stoves. Because the electric light was coming more and more into use, the gas com- 
panies need not despair of a great future, as gas might be applied for heating and 
cooking puriwses ; it was beginning to become a reaUty among them, and ite economy 
was being felt. It had a great future before it in its application to cooking and heating 
purposes. There were directions in which they had not yet attempted to work. Bat 
there was another question, viz. the waste of fuel in the coalpits of this country, where 
an enormous mass of small coal was left underground, which it did not pay, at the 
present time, to bring to the surface. That coal would in the future, he was sore, be 
productive of gaseous fuel, and he felt sure that we should have not only a tDor« 
efficient application of fuel, but we should have in these and other directions a vast 
economy in the application of fuel to domestic purposes. There was another point he 
might mention in the application of gaseous fuel. However perfectly they might bum 
co«l, and however perfectly they might consume the smoke in the buruiag, they could 
not do away with the production of sulphur compounds, which were their most dangerous 
enemy. If they used fuel in a gaseous form, they had at once and readily fuel free 
from these substances, which were most destructive to fiuniture and to omameiilal 
things, and most injurious to life and health. He thought they would all aee that they 
had a vast amount of work before them, and it was with very great pleasure that, he 
proposed the first resolution, * That it is desirable that the work thus far succesafully 
carriod on by the Smoke Abatement Committee be continued, and for that purjioi^ a 
Smoke Abatement Institution be formed.' 
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r. \oiiHAN LocKTER said he had very great pleasure in seconding the reaoliitiun 

wliicli had been proposed in such an adniirable way by Professor Abel, It seemed to him 
that having so iar put their hand to the plough, they ahould not look back ? Were all 
those economical benefits, those salutary benefits to science and art— were all these to 
vanish for the want of some such an organisation as that now proposed, without which 
there would be no means of influencing p\iblic opinion at the present time, or of 
influencing the I^egialature in the future ? The economic aspect, which had been referred 
to probably could not be estimated in jjounds at the present moment, but undoubtedly it 
was one which could be established by a careful series of statistics, such as an organisa- 
tion like the one proposed could gather. When they had these statistics put before 
them, then the benefit* to be derived from such an organisation would clearly establish 
themselves. But on scientific grounds there were many points of view from which they 
might see that the country had already suffered to an enormous extent from the absence 
of such an organisation, and that this country would certainly derive the greatest benefits 
from it in the future. It was a part of his official work day by day to observe the sun, 
bat he was sorry to say that this smoke-cloud which continually hung over London 
brought about such a condition of things that observations could very often not be per- 
formed more than once a week, sometimes not even onc^s a month. Mr. Lockyer con- 
cluded by referring to the great influence which the sun exercised upon our lives, our 
happiness, and our health. A sunless place was a joyless place. He, for one, believed 
in the great benefits to be derived from such an organisation as that proposed, and had 
great pleasure in seconding the resolution. 

The resolution was then put to the meeting, and unanimously approved. ' 

Lord Modnt-Temple said that by the popular mind science was generally looked 
upon as a thing that had no practical bearing upon ordinary life, and that though it was 
a thing to be viewed with great respect and diifidence, it did not particularly affect the 
afiairs of domestic life. Now he was very glad to see that science had condescended to 
come down to the chimney-comer and the iire-side hearth ; and immense would be the 
benefits. He thought the proprietors of houses would be glad to take advantage of these 
elaborate scientific examinations, and their cooks and their housemaids would be ac- 
quiring a little of this sanitary science. He was glad to hear that the prejudice against 
close stoves was likely soon to be removed, and that the kitcheners were so good that 
there was very great difficulty in deciding which should be placed first. The noble lord 
referred to our unsatisfactory mode of ventilating rooms. He was, he said, also pleased 
to hear that the meat cooked by gas was in no way inferior to that cooked by the common 
fuel. The resolution which he had the pleasure of proposing was, ' That thfi best thanks 
of this meeting are dne, and are hereby tendered, to the members of the Smoke Abate- 
ment Committee, to the Executive Committee, to the jurors and officers of the recent 
Smoke Abatement Exhibition.' Since the Committee had approached the subject they 
had found such wide support and so much co-operation, as to justify the continuation of 
the work so successfully begun. It would be a great pity, he thought, if it were now 
allowed to stop; and they had to thank the raembers, and particularly those jurors and 
officers who had brought all their knowledge to bear upon the subject. They hoped in 
the future they would give them as much aid, and produce such good results, as they 
had in the past ; that they would organise and carry on the work which had been so well 
begun, and encourage invention, as he really thought inventors were just the people 
who wanted encouragement — men whose minds were full of intelligent and skilfiU ideas, 
and who could not find the capital or assistance which was necessary to bring them to 
utility. 

The resolution on being put to the meeting was carried unanimously. 

The Rev. Harry Jones said there was one great advantage in smoke. There was a 
familiar proverb which said, there is no smoke without fire, and he looked upon the 
present meeting as smoke, and as indicative of the fire of progress which would inevitably 
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result in the extension of this most valiiable Smoke Abatement Society. He lived in the 
ICast End of I»ndon, dnd he need not tell them that they in the East End produced i 
great deal of smoke, and that during tliat time of the year, when most fires were bumiDg, 
the wind was generally in the East, and the smoke found its way to the West ; and Ihej 
found that the West was equally a sinner in this respect, for everybody knew that it wai 
not only the smoke from manufactories which produced the evil, but the smoke from the 
chimneys of private dwellings. Feeling a very deep interest in this matter, he coold 
speak at length in supporting this resolution, but he would follow the advice of the 
promoters of this movement, and consume his own smoke. 

Mr. Ebnkst Haht said there remained one yet agreeable duty to perform, a sLigiit 
omission which he wished to rectify, -which should have been mentioned jn connecUoa 
with the awards of the Manchester Eshibition — that in two classes awards were made, in 
respect to which the London Committee had not been able to present medals. These 
were in respect to Messrs. Stott and Co., for their Cras Regulator, and to Messrs. Kershaw 
& Co., for their non-conducting composition. These medals had not been awarded, nut 
because they did not deserve medals, but because it had been previously arranged at the 
London Exhibition {and the Manchester Committee had graciously consented to that 
arrangement) that they should make no awards in respect to accessory appliances. In 
proposing a vote of thanks to the Chairman, Mr. Hart Siu'd he felt sure they could 
not separate without expressing their deep obligations to the noble Duke, and a mere 
vote of thanks would not express their sentiments. He knew, and they all knew, in this 
movement, as in so many public movements which tended to promote the happiness 
and elevate the moral and physical being of his fellow-creatures, the Duke of Westminster 
had been a most influential leader. They were grateful for the kindness of the Duke iQ 
favouring them with his presence, in giving them so much of his time as be had given 
tbem, and he was sure that that consideration would aid, if anything could aid, to that 
sincerity with which they would join in this vote of thanks. 

Mr. Wm. Haugdton (Eoyal Horticultural Society), in seconding the vote of thanks, 
said he felt he could not add words to the eloquent and graceful words which had fiUlen 
from bis friend Mr. Ernest Hart, and he would only add that it was impossible for them 
to overrate the value of the cordial assistance, the kindness, and the personal services 
which the noble Duke had rendered to the battle which they were waging. 

The CiiAHtMAN said he was extremely obliged to them for their very cordial reception. 
He begged to thank them veiy much for coming there; it was an occasion of great 
interest, and he felt highly honoured in being able to welcome so many eminent men 
and women under his roof. He hoped the meeting would be a benefit, and that the 
institution would continue and prosper. 

Thanks by acclamation to l^y Grosvenor for her kindness in presenting the medals 
were enthusiastically accorded. 
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NATIONAL SMOKE ABATEMENT INSTITUTION. 

In accordance with the foregoing resolution, the National Smoke Abatement Insti- 
tation has been duly incorporated by authority of the Board of Trade. 

The chief objects of the proposed Association are : — 

(a) To promote the abatement of coal smoke and other noxious products of com- 
bustion in cities and other places, in order to render the atmosphere as pure and as 
pervious to sunlight as practicable. 

(6) To check the present serious waste of coal, and the direct and indirect loss 
and damage accompanying the over-production of smoke and noxious products of com- 
bustion. 

The objects of the Association will be carried out by the following among other 
means, viz. : — 

1. By promoting and encouraging the better and more economical use of coal and 
coal products, the selection of suitable fuel, and the general improvement in producing, 
applying, and using heat and light for domestic and industrial purposes. 

2. By conducting tests of smoke-preventing apparatus and fuels in manufacturing 
towns as well as in Loudon. 

3. By reporting on tests, granting awards for approved fuels, methods, or 
apparatus ; by lectures, printing, publishing, and circulating statistics and other in- 
formation for the guidance of local authorities, inventors, manufacturers, and others ; and 
by giving instruction to workmen, servants and others in the use of new appliances, &c. 

A printed copy of the Memorandum of Association will be forwarded on appli- 
cation. 

The Terms of Membership are one guinea per annum, or such larger sum as 
members may voluntarily choose to contribute. No liability will be incurred by becoming 
a member beyond a guarantee of one guinea, payable, if required, in the event of the 
termination of the Association ; and any member can withdraw from the Association by 
giving notice of wish to do so. Members will be entitled to copies of such publications 
as the Committee may decide to distribute from time to time post free. The Committee 
invite the co-operation, assistance, and suggestions of those who can, by their scientific 
influence or their commercial relations, advance the object. The Committee hope the 
Institution will be well supported by all classes. 
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ooal tested, 137 
Accessory Exhibits, 32 ; Manchester, 168 
Adams, Dr., Gas-Stove, W. Harvie Sc Co., 103 
' JSolna ' Spray Ventilator, E. Moritz, 32 
Air, hot, apparatus for heating rooms by, 115 

* Albion ' Stove, Brown Sc Green, 69 

AUen, Stafford & Co.'s Works, tests of Kohlhofer's 
Fire-bars, 126 

Anthraoite used for the tests of grates and stoves, 
chemical composition, 38; results of chemical 
testa, 42 ; results of mechanical tests burned 
in grates and stoves, 62, 78, 83, 88, 93, 94 

Anthracite Coal Company, anthracites tested, 136 

' Anthraoite * Grate, Barnard, Bishop & Bamards, 
48,89 

Anthracite Stove, LSnholdt's, 68 

Anthracite wnui Welsh Steam Coals, 140 

Anthracites, results of testa of, in a boiler fur- 
nace, 136, 141 

Armstead's Stove, R. W. Crosthwaite, 67, 92 

Armstead-Gregory Stove, R. W. Crosthwaite, 
69, 70, 92, 93 

Amott's, Dr., Grate, F. Edwards & Son, 11, 61, 90 

Artificial fuels, tests of, 138, 140, 142 

Asbestos Grid, Welton's, Duncan Brothers, 123, 
128 

Asbestos, gas-and-, fires, description and results of 
tests of, 106, 162 

Atmospheric Chimney, E. G. W6ry, 29, 126, 129 

« Auxiliary * Cooking-Stove, The Falkirk Iron Com- 
pany, 100 

Awards, 7; Open grates, 7, 14; close stoves, 7, 
16; coal-burning kitcheners, 8, 16; gas oven, 
8, 20 ; gas cooking-stoves, 8, 20 ; gss heating- 
stoves, 8, 20; apparatus for heating by air, 
water and steam, 8, 23 ; mechanical stokers, 
8, 29 ; fire-bridges, 8, 29 ; fire-bars and fire- 
grates, 8, 29 ; furnace-doors and fittings, 8, 
29 ; boiler setting, 8, 29 ; chimney, 8, 29 ; gas 
producer, 8, 22 

Special prises : Dr. Siemens* prize, ladies' 
prises, and Society of Arts' medal, 8, 33 
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Awards — conHnved — 

Manchester : Open grates and close stoves, 
9, 148 ; kitcheners and cooking-stoves, 9, 149; 
steam-boiler appliances, 9, 149; furnace for 
general heating purposes, 9, 149 



BAATSCH, C, Silicate Cotton, or Slag Wool, 32 
Baker's Oven, A. C. Engert & Co., 161 
Barber's Stage- Furnace, J. Farrar Sc, Co., 28, 126, 

128 
Barnard, Bishop Sc Bamards, the 'Anthracite' 

Grate, 48, 89; the 'Glow* Fire, 60, 90; 

' Bartlet ' Grate, 60, 90 ; Jurors' remarks, 12 
< Bartlet' Grate, Barnard, Bishop Sc Bamards, 60, 90 
Barton, W., 'Premier ' Stove, 13, 69, 161 
Beebe Kitchen Range, W. Stobbe, 97 
Bennis, E., Mechanical Stoker, 164, 166 
Betts' Saw- Mill, Homerton, test of Nutt's furnace, 

161 
Beverley Sc Wilde (Browne Sc Co.), Gas Cooking- 
Stove, 109 
Billing Sc Co., ' Sundial * Gas Heating-Stove, 107 ; 

Gas Cooking- Stove, 109; special test, 110 
Blanche's Gas- Singeing Machine, Joseph Robinson 

& Co., 114 
Blocksage's Inclined Firebrick Furnace, J. Collinge, 

28, 126, 129 
Boilers, Steam, Li vet's System of Setting, Li vet's 

Patent Improved Boiler and Furnace Company, 

28, 126, 129, 137 
Boilers, testing, for fuels: — at R. Clay, Sons Sc 

Taylor's, 126, 129, 134; at Brixton Pumping 

Station, 124, 136, 141 ; at the Oil and Stearine 

Works, West Ham, 125, 129 
Bond's, Dr., 'Euthermic' Ventilating Gas-Stove, 

Sanitary and Economic Supply Association, 

pattern B, 102 ; pattem A, 102 
Braham, W. T., Ventilating Gas-Stove, 163, 157 
British Sanitary Company, < Carriok's Ventilating 

Stove Grate,* 48, 88 
Brixton Pumping Station, steam boiler at, for 

tests, 124, 136, 141 
Browne Sc Co. (Beverley Sc Wilde), Gas Cooking- 
Stove, 109 
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CoaU, Welsh, results of t«sla of. 137. 13B. UL 


I fitove, 12. b-i, 90. 9i ; ' Loton ' Bpgister Giate, 


Coal BertHt Gas, for healing rooms, lod 


1 64; "Twin' Smoke - Contucoing Stove, E8 1 


Coal Gaa rertui Dowson Gai, for motive poirar, U! 


L -Albion' Blove, BB j Cjlindnoal Store, GO; 


Ooil-8iove, Portable, W. & S, Deard*. 116 




Coil-Crale. Open, Vi. k S. Dcards. 116 


^^^^L -Gem' Portable Cooking- Slove, 100 1 the 


Coke, gaa-and-, Gres, deicription and nsnlu »t 


^^^^H • Tinea ' Portable Cooking -Stove, 100 


tesuof, 106,162, 153 




■ Comet ' Grate, A. I). Vcrrier. 49. 88 






W pALORIOBN; Gaa, George's, J. F. Farwlg k 
VJ Co., 103 


Chester, 143 


Cooking-Btovos. gae, deBoriptio« sad remits of lewi 


Calnrigen ' Star- Combustion Stove, J. F. Farwig k 


of, 109, 168 


Co.. GS 


Cochran k. Co., Vertical Boiler, with Gt^ni}'! 


•Carlton ' Gas-Fire, Charles Wilson, 107 


Furnace, 162, 166 


' Carlton, New." Oaa-Heating Stove. Oharlos Wilson, 


Coke, gas-and-, fires, description and tMta ot Ifl*, 


107 


162 


■ Carljle ' G&s-and-AsbestoB Stove, H. and C, Davia 


Coke-Breaker. Compagnie Q«n6rat« des Coadultfi 


& Co., 106 


dEau, 32 


•Carlyle" QBa-andCoke Stove, on Cr. Siemens' 


Coking-Boiea tor feeding Bteam-boilen, A. C. 


fijBtem, H. and C. Davie & Co., 106 


Engert. 128 


■Carrioli's VBtitilating Stove Grate,' The British 




Sanitary Company. 48. 88 


nnce, 29. 126, 128 


Ooirdor Colliery Company, anthrBcite (eited. 136 


Combination Brei, deaariptioQ and remlU of Utft 


CUadilerton Iron Works Company, McDongall'a 








Cheap Gas, Dowsod'b, See Gat, Clieap, Dnnrnm't. 


boiler furnaces, 127 ^^^^H 


Chemioal Beport. on the Gases witlidrawn from 


Com1>UBtioD, I'roductB of, from Giates aMli^^^H 


Fines to which the Orates and Stoves were 


Cnemical t«.ts of. by rrof»M>t W. dHH 


aitached, by Professor W. Chandler Boberta, 


Itoberts, F.B.S., 31 


F.R.S.. 34, TO 


Compagnie Gfinteale dN Conduit» d'Bin. OoU- 


■ Chimney. Atmospheric,' E. G. Wfiry, 29, 126, 129 


Breaker, 32 


Chimney, draught and temperature in, for grates 


Composition, N on-Cond act ing :— Slag Wool. C. 


and Elove", 77 : volume of draught, TS ; dilu- 


Baaltch, 32 ; Fossil Meal. A. H>acke k Dt. 


tion of gBXeoos current, 79; composition of 


33; Marl Mixture, JoMph Kershaw & Co, lis. 


current, 79 ; heat tarried np the chimney, 79 


169 


Chimnej ventilators, 33 


CoDsiantine. T. J„ ' Treasure ■ Range, 96, 101 




Corofortb, J., Oiate, 66, 91 ; • Little Woada' 


27, 132, 1 27 


etove. 13.67,92.93; Smoke-Consuming Hollow 


Churchill, C, A: Co., the Greene Soti-Coal Cooking. 


Fire-bars and Bridge, 123, 128 


Stove, 97 


Cory, Teo k Co., W«Uh steam coaU tMsd 


Clark, Bunnctt It Co.. Ingram's ■ Eaio Eapnos ' 


(Graig<ila.*o),137 


Grate, 12. 6*, IBI. 157 


Court, J., Kitchener, 100 


aarke. Captain T, E„ Ventilating Grate, 63, 91 


Cox, G. J. ; Cox'b ■ Begenentlor ' Air-WarmiDg and 






under the eupervision of, 17, 96, 109; apeoial 


Water-Heater. 107 ; Gas Cookinit-Biove. lUS 


teals, 110 


Cox's Ventilating Oas-Stove. J. C. Stark U Co., 101 




Cranu's Vcniilacing Anthraclt* Gr>u>. Deana k tVx, 


of tes'Bof, 107 


64.91 


Clay. E., Rons k Taylor's, testing boiler on Livet'a 


Crescent Bleach Works. Salfotd. HoDoapII¥ 


^tomat, 126, 129. 134 


Mechanical Stoker. 166, 160 


Clerks Oas-Eaglne. 193 




Coalbrookdale tVjmpany. -Oawins' Grate. 83.90; 


Stoker. 163 


• Kjrio ■ Otato. 13. BS, HI 


CnwBley Brotbera. • Otto ' Silent Gas Kngim. 13> 


Coal, Niinn'a Navigation, reaullB of tests of, 138, 




141.143 




Coats, Nuitbumbetland,ie«ult« of testsot, 138, 141, 


Firs Range, having C B. Gn^oiy^ Kumsm, 


I4S 


168. 169; Gnignrf'B Fdiumb andi«d to • 


Coal, WaliMnd. See iniflw-id A»i. 


si eam 'boiler. 162, 11)6 



INDEX. 



187 



CRO 
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•CSrown Jewel' Coke-Burner HaU-Stove, Harry 

Hunt, 67, 92 
• Grjstal • Ventilating Grate, W. Stobbs, 57, 92 
Owmaman Coal Company, steam coals tested, 187 

DAVIS, H. and C, k Co., • Carlyle ' Gas-and-Coke 
Stove, on Dr. Siemens' system, 106 ; * Carlyle* 
Gas-and-Asbes'os Stove, 106; Gas Cooking- 
Stove, 109 ; large Cooking-Oven, 111 
Dawaon, Bernard, the Wilson Gas-Producer, 22 
Dean, J., & Son, Gas Cooking-Stove, 109 
Deane & Co., Crane's Ventilating Anthracite Grate, 

64,91 
Deaids, W. & S., Portable Coil-Stove, 116 ; Open 

Coil Grate, 116 
Derwent Foundry Company, 'Abbotsford* Grate, 
60, 90; Jobsons Smoke-Burning Register, 
63, 91 ; Jobson's Slow-Combustion Gill Stove, 
66,92 
Dog-Grate, Smoke-Consuming, M. Feetham & Co., 

63,91 
Doulton & Co., «Tile Grate,' 14. 51, 90; 'Spiral 

Stove,' 66 ; • Top-Feeding Stove,' 67 ; ordinary 

large VentilatiDg-Stove, 59 
Dowson Economic Gas Company, Dowson Cheap 

Gas and ita applications, 1 12. See Oaty Cheap, 

Dowt<m*». 
Dow8on*s Cheap Gas. See Gm, Cheap^ Dotcson't. 
Dowson Qfs verna Coal Gas, for motive power, 113 
Draught and temperature in the chimney, for 

graces and stoves. See Chimney, Dra^i^ht and 

Temperature in. 
Duncan Brothers, Welton's Iron Grid, with asbestos, 

for smolte-consumption, 123, 128 
Donpachie, J., • Star ' Heating-Stove, 13, 68, 92 ; 

Regenerative Kiln, 30 
Dnnraven Colliery, steam coal tested, 137 
Dntch Oven, the Sunlight Stove Company, 100 
Dynant Colliery Company, anthracite tested, 136 

I^AGLE Range and Foundry Company, the 
i • Eagle ' Range, 97 

• Keonomiser ' Grate, J. Wavish, 50 

• Economy ' Base-Burner Hall Stove, Harry Hurt, 

67,92 

• Economy ' Portable Stove, Harry Hunt, 66, 92 
Edwards, F., & Son, Dr. Amott's Grate, 11, 51, 90; 

Smoke- Preventing Slow-Combustion Grate, 61, 

90 
Ellio % Alston & Olney, Senking's Cooking-Stove, 

168 

Elliott, J., Steam-Tndocted Air-Currents for con- 
suming smoke, 124, 128 

Sngert, A. C, the * Solo ' Grate, 60, 89 ; Grate with 
Coking Box, 62, 90 ; Kitchener, 97, 100 ; In- 
ternal Swivel Shutter for preventing smoke in 
Fomacea, 126; Coking Boxes, 126 



Engert, A. C, k Co., the * Solo ' Grate, 160 ; Baker's 
Oven, 151 

Engineer, Testing, Reports of. See Testing Engi- 
neer, Reports of, 

•Buthermic' Ventilating Gas- Stove, Dr. Bond's, 
Sanitary and Supply Association, pattern A, 
102 ; pattern B, 102 

Exhibition, Smoke Abatement. See Smoke Abate- 
ment JSxhibitum, 

Exhibits, Accessory, 32 ; Manchester, 168 



• TjlALKIRK ' Close-Fire Smokeless Kitchener, the 

-L Falkirk Iron Company, 100 
Falkirk Iron Company, the * Falkirk * Close- Fire 
Smokeless Kitchener, 100, 101 ; Auxiliary 
Ci»oking-Stove, 100, 101 ; Register Grate, Gas- 
and-Asbestos Fire, 162 ; Register Grate, Gas- 
and-Coke Fire, 153 
Farrar, J., & Co., Barber's Stage- Furnace, 28, 126, 

128 
Farwig, J. F., k Co., * Calorigen * Slow-Combustion 
Stove, 13, 68, 91; George's Gas •Calorigen,' 
103 

Feetham, M., k Co.. Smoke-Consnming Dog-Grate, 
13, 53, 91; the Hurst Grate, 54, 91, 94; 
W. F. S. Kitchener, 96; Sabers Dust-Con- 
suming Range, 96 

FeltoD, Mr., trials of J. Wavish's system of Fur- 
nace, 125, 129 

Fire-bars, Kohlhofer's, G. Haller k Co., 126 

Fire-bars, Li^et's Patent Improved Boiler and Fur- 
nace Company, 28, 126, 129 

Firebrick Furnace, Inclined, Blocksage's, J. 
Collinge, 28, 125 

Fire-bridges and fire-bars of steam-boilers, descrip- 
tion and reoulrs of tests of, 27, 122, 123 ; Man- 
chester. 161, 166 

Fire-door, Balanced, W. A. Martin k Co., 124, 128 

Fires, gas, description and results of tests of, 107 

Fletcher, G., k Co.'s Works, test of Stanley's Fur- 
nace, 126 

Fossil Meal, W. Berkefeld's, A. Haacke k Co., 32 

Fraoklin, Hocking k Co., Hot- Water Heatiug-Ap- 
paratus, 116 

Frost k Win Held, Baffle-Grate, 51, 90 

Frost -Proof Hot- Water Apparatus, W. Stainton, 
117 

Fuels, tests of, 134 

Furnaces for general heating purposes, C. B. 
Gregory's, 55, 92, 93, 16Z; Ferret's, 168 

Furnace-doors, description and tests of, 27, 124 ; 
Manchester, 162, 166 



G ALTON. Captain Douglas, C.B., Air-Warming 
Grate, 12 
Gas, Cheap, Dowson *s, production of and cost, 11 ; 
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IpBta of (be gas in a gns-etiKme, 113; in 

rowting-ovens, 113: in a gas-si iigoiDg machine, 

lUi Cheap Oaa rernit CokI Qsb, 113. I14i 

• Otto ' eileot Gm-Bngine, 13a 
Qaa t<tTtHt Goal, for beating nratHB. 108 
Oas-BodasbealM Sreg, doMuiptJon and tests of. 

ins. 153 
O-ae-aod-coke fines, description and tests of, 106. 

162 
Qss-and-poroDi-cla; fire, desoription and teats of. 

107 
daa baslceta, description and tests of. lOT 
Oas oooking-aloves :— Jurors' Keport, 17 ; descrip- 

lioaacd tests □(, 109 1 special tesUi. 110; teats 

of large oven». Ill ; Manchester, IGB 
Gaa-Kngioe, Clerlt'a, description of, 133 
Gas-Engine, ' Otto.' tested with Dowson Gas, 113; 

desaription and test with ooal-gas, 132 
Gas lires, description and tests of, 107 
Gas heating-stoves and gas fires :— Jnrors' Report, 

17; description and tests of. 103; close gas 

strives, 102 ; open gaa atoves, lOS ; gas fires, 

107; gas wscer-!icat«rs. 107 ; deductions, log 
Uanohester :— Oas-heatiDgattivei, oombioa- 

tiou lires, Wi, \M. IGfl 
Gas Heating. Stoves veriul Hot-Watar Heating-Ap- 

paracus. IIS 
Gas Lamp. Regenerator, Siemens' Gas-Light Com- 
pany. 33 
Qaa Meter Company. W. Siigg fc Co.'s Coke Stove, 

It'll ; W. iingg d Co.'s Qas-and-Coke Stove. 162 
Gas Oven, Bmokelesa, Thompson Brothers. 31 
Oos Produoers, Jurors' Report on. 23 ; description 

andtaslsof Dow*on*s Gas Producer, 112 
Gas Singeing' Machine, Blanche's, Joseph Robinson 

k Co., 114 i test of Dowson'a Gas in. 111 
Gas Valves, Self-Acltng. 33 
Gas Valve. Self-Aatleg. or Governor, James Stott k 

Co,. H9, 179 
Gas Wat ef'B eaters, deecription and resalts of teata 

of, 107 
Oases withdrawn from flues, Cbetnioal Report on, 

by rrotcMor W. Chandler Roberts, F.R.8., Si 
• GasHiuB ' Grate, CnHlbmokdale Company, CS, 90 
' Gem Portable Cooking* Stove, Brown ii. Green, 

too 

Qfnrgo's Oai ' Calorigun.' J. F. Parwig & Co., 103 
Oibunlt. M., trial of Wfiry'a Attaoapherio Chimaey 

by. lafi 
Oiles, B.. Gas Cooking- Stove, 109 
QlenlMig St»t Fireclay Works, .1. Dun&ao)ii«'B 

C>ip tin nous RegBnerMive Kiln, 30 
■Otow Flrv,' Barnard, Biabop It Romards. GO, 90 
Ooodfellow, B«in]ainla, Johnson's Snoke-aod- 

Kuroe-Wftsher, IBB 
Qowtborpo, K. L.i Smoke-Consuming Furnace' 

Rrlrlgp, 132, 138 
Orwlgnla HxrUiyr nrllflclal fael. tested. H3 




HEM 
Orates, inclined, and siage gra'ea, for sttani- 

boilers, description and testa of, 37, I2n. I!3 
Gmtce, open, and close slaves, Jurors' repurt os. 

11; awards, 30; chemical testa of smoke, U; 

report on mechanical leats. 46 ; clawiificaiinB 

of grates and stoves, 47; description of open 

grates, IB ; and of close stoves, 6S ; UIilc of 

results of meobauical teats, 61 ; InvestigMina 

of TesuilB. 70; individual resalts. 83: th* 

most remarkable results, 113 : eonclonion, 94. 

See Chimney, dravgkt and trmprralurt ia; 

TeajirraiHre ; Smalur, prerfntum vf. 

Manchester: — Opengraies, 160, 166; otoM 

■tove«, 161, IJSGj gas beating'Stnves, 163, I6<; 

petroleum heating-stove, 1113, IGB 
Gra'es. Upright, for Steam Boilers, J. Waviah, J'. 

125, 139 
Gray, J, G., Open Grale. 48, 89 
Great Britain ti moke-Con Burning Company. OTii!'i 

system of Sieom-Indnciert Air-Currews for 

Consuming Smoke. 38, 124, 129 
Greene Soft-Coal Cooking-Stove, C. Chonilull t 

Co., B7 
Oregnry. C, B,, Smoke-Bomlng Faroaoe, IS. SS, 

92; Furnace It) Close-Fire Range, IGS. IS); 

Furnace applied to a Vertical Boilei tmat 

Ordinary Boiler, 162, 166 
Griffin, R. H.. Ventilating Qiate, 1^ SO 



HAACKE. A., ft Co., W. Berkefeld'a FomiI Heal, 31 
Uallcr, O., & Co., Eohlhofer's HoT-Air Stove, 
13,19,88; Kohlbofer's EIoUAir Oua-Stove, 101; 
Kolilhofer-a Fire-bari. 126 
Hampton, J., Fireproof Smoke-Consuming Bridge^ 

161. 166 

■ Harleston ' Grate, Marshall. Watson k. Hoonrood, 

60.89 
Harry Hnnt, 'F.conomy' Portable Store, 60. 93; 

'Rconomy' Base-Burner Hall-Stove, S7, »); 

•Crown Jewel' Dase-Bomer Hall-Slove, IS, 

58, 92 i ' Hygiene ' Ventilating- Stove, 58, 93 
Harvie, W., 4 Co., Dr. Adams' Gas Stove, 103 
Heat onrried ap the ahjmney,f<ir gratca and Mora. 

79 
Heat of combustion, distribatloa of, for grata and 

stoves, 80, 96 
Heating, Air-. •vrsHiiN'oD-Ait'TIeating.oamparaUvs 

performance of grales and stoves, 7G, 76, 83, tiS 
Heating by Gas rtmt Healing by Coal. 108 
Heating Rooms and Buildioga, AppatatM for, 

Jarora' Ileport on, 33 : t«sla, lie 
* Helli ■ Furnace- Feeder, Holroyd-Smlth's^ ISO 
Henderson, Thomas, Fomaoe- Front kod Flrs-door. 

162, 166; Mechanical Stoker. 163, )6« 
Henry, W. I., Reeve k. Henri's ■ Saioke'Pnritjar ' 

Hob-Qrate, 13. 66, 91 ; Bcglster Grate, U, 91. 
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Hollaxidfl, B. R., Under-fed Grate, 12, 52, 90, 94 
Hdlroyd-Smith's ' Helix * Furnace-Feeder, Knowles 

k, HalBtead, 131 
Hoole, H. B., 'Radiating and Reflecting Grate,* 

12, 53, 90, 94 
Hope Spinning Mills, Failsworth, Bennis*s Me- 

obanical Stoker at, 164 
Hot- Water Heating- Apparatus iter tut Gas Heating- 

StoYes, 116 
Hot- Watt r Heating- Apparatus : — Hocking, Frank- 
lin k, Co., 116 ; Portable Coil-Stove, W. & S. 

Deaids, 116 ; Open Coil-Grate, W. & S. Deards, 

117; W. Stainton, 117 
Hunter, G., & Co., Smoke-Consuming Bridges, 122, 

127 
*HarBt ' Grate, M. Feetham k Co., 64, 91, 94 
Hydes k WigfuU, • Tortoise ' Laundrj-Stove, 161 
• Hygiene ' VentUating- Stove, Harry Hunt^ 57, 92 
' Hygienic Yentilating-Stove,' John Wright k Co^ 

48,88 



FCLINBD Grates. See Graiet, Inclined, 
Ingram's * Kaio-Kapnos ' Grate, Clark, Bunnett 
k Co., 54, 91, 161, 157 
Ireland k Lownds, Smoke- Consuming Bridge, 27, 
122, 128 



JAFFRBY k Co., Fireclay Grate, 151 
' Jobflon's Smoke- Burning Register,' the Der- 
went Foundry Company, 53, 91 

Jobson's Slow Combustion Gill Stove, 66, 92 

Johnson's Smoke-and-Fume Washer, Benjamin 
Goodfellow, 166 

Jidllaxd, L , Steam-Inducted Air Currents for Con- 
suming Smoke, 123, 128 

Jurors, List of, 6 ; Reports of, 11, 16, 17, 22, 23, 24, 
80, 32, 34. Manchester Bxhibition .-—List, 145 ; 
Report, 148 



• TTAIO-KAPNOS' Grate, Ingram's, Clark, Bunnett 
J^ k Co., 64, 91, 161, 167 
Kaulbach, B., < Phoebus ' Reversible Grate, 60 
J Kensington ' Grate, Steel k Garland, 54, 91 
Kershaw, Joseph, k Co., Non-Conducting Composi- 
tion, 149, 169 
Kilns and Ovens, Jurors* Report on, 30 
Kitcheners, Ranges, Jurors' Reports, 16, 17,148; 
description and tests of Coal- Burning Kit- 
cheners, 96 ; Gas Cooking- Stoves, 109. Man- 
chester : — Kitcheners and Cookiog-Stoves, 
158 
Klingenberg, B. J., Reck*s Stove, 56 
Knap's Mechanical Stoker, 26, 130, 131 
Knowles k Halstead, Holroyd- Smith's < Helix ' Fur- 
nace- Feeder, 131 
Kuhlhofer's Fire-bars, G. Haller k Co., 126 



MOO 

Kohlhofer's Hot- Air Gas Stove, G. Haller k Co., 103 

Kohlhofer's Hot- Air Stove, 49, 88 

* Kyrle ' Grate, the Coalbrookdale Company, 53, 91 



LADIBS' Prizes, 9 
Lawrence, W., Grate, 66, 91 

Lectures at South Kensington, 5 ; at Manchester^ 
144 

Legislation on Smoke Nuisance, 1 

Leoni, S., k Co., Gas-and- Asbestos Stove, 106 ; Gas* 
and-Coke Fire, 107 ; Gas-and- Anthracite Fire, 
107 ; Perfect Incandescent Radiator Gas Fire, 
107; Instantaneous Water-Heater, 107; Gas 
Cooking- Stove, 110; special test, 110 

« Little Wonder ' Stove, J. Cornforth, 67, 92. 93 

Livei's Patent Improved Boiler and Furnace Com- 
pany, Livet's System of Setting Boilers and 
Fire-bars, 28, 126, 129, 137 

Llest Welsh Steam Coal tested, 137 

Locket's Merthyr Steam Coal Company, steam coal 
tested (Mardy), 137 

Lonholdt, Franz, Anthracite Ventilating-Stove, 13, 
69, 91, 92, 93 

< Luton ' Register Grate, Brown k Green, 64, 91 

• Lux Calor ' Ventilating-Stove, Ritchie k Co., 103 



McDOUGALL'S Mechanical Stoker, the Chad- 
derton Iron Works Company, 26, 131, 165f 
166 
McMillan, J. k J., ordinary range fitted with under- 

feeder, 101 
Manchester Association for Controlling the Escape 

of Noxious Vapours, Prize, 33 
' Manchester ' Grate, £. H. Shorland, 60, 88 

• Manchester ' Grate, the Improved, B. H. Sborland, 

161 
Manchester Smoke Abatement Bxhibition. See 

Smoke Abatement JBxhibition, Manchetter 
Marshall, Watson k Moorwood, * Harleston ' Grate, 

50,89 
Mart k Bradley, large gas cooking-oven, 111 
Martin, W. A., k Co., Balanced Fire-door, 28, 124, 

128 
Mechanical Stokers, description and tests of, 26, 

129. Manchester, 163, 166 
Mechanical Stoking vertut Hand-firing, J. Proc- 
tor, 120, 131; J. Newton & Son, 120, 131; 

Thomas Henderson, 163 ; E. Bennis, 164, 167 
Meeting at Grosvenor House, Report of, 173 
Melville, W. J., Under-feeding Shovel for Grates, 

62, 90. 94 
Mintons' Smokeless Pottery Oven or Kiln, 30 

• Miser ' Stove, Yates, Haywood k Co., 57, 92 
Mitchell, T., Fireclay Grate, 51, 90 

Moore, James, T. Nutt's Economising and Smoke- 
Consuming Furnace, 161, 166 



.MOO 
Moore. Joseph, Grale. S), 91 
Moritz, E., ■ .t:uluG ' bpniy Ventilalor, 32 
Uulllple-Sto^ea Kuniace, Michel Ptirret, IGB 
Miugrave & Co., ■ Uia^ef' Smokeless GtoTe-Qrate, 
62, 00 ; Slow-Cumbustloa SUive, G6 



^TASH, ThomaB. Soot-Dapoeitin^ Grate. 19, 89 
I ■Naiililus'arate, J B. Pttier, 51. B'J 
Hewcome, Be». H. J., 'Tubolar Air-Watnier," U, 

56, 91 
HewtoQ, Jamee, Sc Son, Mechaoioal Stoker, 131 
Newton, ChamberB, Ic Co., tbe ■ TborDcliSe ' Itanga, 

07 
Nint^n-a Na^igatioD Coal. Iest« of, 138, 141. H2 
Nixon'a Navigation Coal ci.-rnu Northnmbsiland 

SieamCi'al, UI, 142 
Non-Coodacliog Lkim]io»iiloD. Joaepti Kcrsbsn Sc 

Ci'.. H9, 169 1 C, Baaiscb. »Iag Wool, 32 ; A. 

Huacke iL Co., Foaail Mea). 32 
NorlbnmberlaDd Coats, testa of. I3S. 140. 113 
Kortliumberland rileam CoaJ rn-duNiiuu'sNaTigA- 
IioB Coal. 110. iia 
KuLt. T., his EvonomiBlDg and Smoke-CoDsumuig 

Furnace, James Uoore, lei 



rilLao 



and Stearine Works, West Datn, Steam-boiler 



Open Graias. Sm Gralei, Open, kt. 

Orvig'a tijitem of Smoke' Consumption, Great 

Britain Smoke-OonsaroiDg Oompany, 28, VH, 

12S 
' Otto ■ Silent Gas EnginB lasted with Diwaon Ga«. 

113.132; dBBCription and lest with coftl gaa, 

1.^2 
OTens, gas cooking, lai^, description and r**u1ls 

of te-ilsuf. 110, 113; Dowson Oas ivrnw Coal 

Gax, HI 
Orens, Jurors' Keport on, 30 



PAPIBH, T, B.. Chlmnej Ventilator, 33 
Parker. T. E., ' Veuoedor ' Grate, 1 3, 65, 91, 91, 
IGl. 15} 
Parker'* ■ Kyrla " Grate, the Ooalbrookdnle Com- 
paar, e3, SI 

• Parlour ' Stove, Perceval & Westmaeolt. 18, 88 
Patent Hteam-boilet Compaay, Enap'a HecLanical 

Stoker, 2fl, 130, 131 
Perceval * Wesimacott, ■ Parlour ' Stove, 18, 68 ; 

■Hanltar}-' glove, 19 
Farret, Michel, 'Hadiating' SlOTe. IS, 89; Mai- 

tiple-maged Furnace, 1C8 
Petrolenm Healing- Stove. W. Thornhnm, 163, 157 
Fetter, J. B,. 'Nautilus' Oiate, 61, 89 

• Phobos ' KevBiHlble Oraie. B Kaalbaoh, 60 



rickeriog, W.. Smoke-CoDiamiDg HDll<nr Hiv-Wi 

and Bridge, 123. 128 
' rioneer" Coke Stove, J. Wadsworth, 15! 
' Piuneer ' Oas Stove, J. Wadawottta. 153, t:7 
Piron. H. J. Anthraeiie Vtntilatiug -Stove, 13, £S, K 
Poure. W., & Co., ■ Triumpli ' tJiova, 19, aa 
Partway, C., U Son, ' Tortoise ' Slove. 56 
Putler.T.,iiSon«, 'Thermbydiic'Vanlilating-G.-ait 

*% G8, 91 
Pottery Uvon, Mintons', 30 
- Premier ' Stove, W. BarioD. 59, IGl 
• Prinoess Louise' Grate. K. H. Hhurland, 52. 90 
Prizts, ijpeoial. See Atfordt. 
Proutur, James, Ucchaoical Kloker. !£, 130 
Pugb brotbers, Qan-aud- Asbestos I'ins, 1U« 
Pumping Station, Brixton, bteam-buUec at, t<x 

testa, 121, 136, 111 
Pumping Btatiiin, Western, Metropolitan BoMd of 

Wurka, uiol ol Nutt's FurtuuK, IfiS 



'TJADIATINQ and Reflecting Grata,' H. E. 

"• Houle, S3, 90. 91 
Badiaiiog power of Grates and Stoves, 72. 71 
■ Radiating ' Slove, Michael Perrel. 18, S9 
' Radiator ' Fire-grate, tbe Radiator Range Cdo- 

' Radiator ' Gas Fire, Perfect Incandesoenl, S. lieool 
i Co., 107 

' Itadiatoi ' Uange. tbe ' B4diMor ' Bauge ComfHii 
97, 101 

' Radiator ' Range Cumpany. Uie ' Radiator ' Fire- 
grate, 19. 8U i the ■ Radiator ' Range, 9T, 101 

Ranges. See KUaktiurt, liani/et. 

Keek's Stove, B. J. Eiingenberg, 66 

K.>dmayne Qrate, 51, 91; 'UiMr' Stova, K\ 
Four-pillar Stove. 68 

Regenerative Kiln, Continnons, J. Dunnaahie, 30 

' Regenerator' Air- Warming and Ventilating Oai 
Stove. 103 

'RegeneraUir'Gaa Lamp, Siemetu'Gaa Light Com- 
pany, 33 

Ri^tdTt Furnace. Terlicibi, J. BC Stanley, 136 

Eitohie li. Co., ' Lux Caloi ' Ventilaiing-Storo, 103 

RuliertB, W. Chandler, Profenor. Chemical Uetuit 
by. on tbe Gases withdrairn bota Flues. 31. 70 

Robinson, Jusepb, & 1^., Blanche's Gaa Singauig- 
Maoblne. Ill 

RosuiT ft KuBsetl, FiraoUy Stova, 18. », M: 
EiLobeuer, 97 

Bossell's 'Wunderfal' Qiata, JL SmtUiJc BtaT«B«, 
5% 90. 91 



QASITARV Foal leited, 113 

*^ ■ Sanitjiry ■ Stove. Purooval k Wertmaoott. U 

' Sanitary ' Stove, SehSiibej'dor's, Strode * Co.. lU 
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SAN 

BBDiftuy fc Boonomio Supply Association, Dr. 
Bond's *Eathennio' Yentilating Oas Stove* 
pattern B, 102 ; pattern A, 102 

Sajei^ Dnst-Oonsoming Bange, M. Feetham k Co., 
96 

Bcbmidt, B. W. H., Steam-jets for Gonsuming 
Smoke, 123, 128 

Scbfinheyder's ' Sanitary ' Stove, Strode k Co., 103 

Seoking's Cooking-Stove, Elliott, Alston k Olney, 
168 

Shorlaod, E. H., the ' Manchester * Grate, 12, 50, 
88 ; * Princess Lonise,' 62, 90, 94 ; the Im- 
proved ' Manchester * Orate, 151 ; Warm- Air 
Ventilating-Stove, 151 

ShoTel, Under-feeding, W. J. Melville, 90 

' Shxewsbory ' Warming-Apparatas, William White, 
116 

Shn*ter, Swivel, Internal, in Furnaces for Consum- 
ing Smoke, A. C. Engert, 124, 128 

Siemens* Dr. C. W., Prize, 9 ; System of Qas-and- 
Coke or Anthracite Fire, remarks of the Jurors, 
18 ; Electric Furnace, Siemens Brothers k Co. 
82; Gas-and-Coke Fire, Waddell k Main, 106 ; 
Gas-and-Coke Fire, with Wright's Bivalve, G 
Wzight k Co., 106 ; Gas-and-Anthracite Fire, 
O. Wright k Co., 106 ; ' Cariyle ' Gas-and-Coke 
Stove, H. k C. Davis k Co., 106 

Siemens Brothers k Co., Dr. C.W.Siemens' Electric 
Fomaoe, 32 

Siemens' Patent Gas Light Company, * Regenerator ' 
Gas-Lamp, 82 

Silioaie Cotton, or Slag- Wool, C. Baatsoh, 32 

Sinclair, George, Mechanical Stoker, 25, 130, 131 

Singeing Machine, test of Dowson's Gas in, 114 

Slag Wool, C. Baatsch, 32 

Slater k Co., J., large Gas Cooking- Oven, 111, 113 

Smethurst, J., Smoke-Porifyer for Steam- Boilers, 
127, 129 

Smith, Archibald, k Stevens, * Wonderful ' Orate, 
63, 90, 91 

Smith, James, Coke-and-Coal Grate, 49 

Smoke Abatement Committee, report of, 1. Man- 
ehester, 143 

Smoke Abatement Exhibition, opening of, 4 ; pro- 
gpramme, 4 ; tests, 3, 7 ; lectures, 5 ; Jurors, 5 ; 
dose, 6 ; visitors, 6 ; awards, 5, 7 ; reports of 
the Jurors, 11 ; chemical report, 34 ; reports of 
the Testing Engineer, 46 

Smoke Abatement Exhibition, Manchester : — Depu- 
tation to South Kensington, 7 ; opening, 143 ; 
tests, 7, 150; lectures, 144; The Exhibition 
Review, 144 ; Jurors, 145 ; scope of the Exhibi- 
tion, 146 ; reports of the jurors, 148 ; awards^ 
148 ; reports of the Testing Engineer, 150 

Smoke Abatement Institution, National, 183 

Smoke Abatement Movement, Origin of, 2 

Smoke-and-Fume Washer, Johnson's, Benjamin 
Goodfellow, 166 



STO 

Smoke Nuisance, Legislation upon, 1 

Smoke, prevention of, in grates and stoves, 70, 160 ; 

in Kitcheners, 96, 158 ; for Steam Boilers, 24, 

118, 142, 161; in kilns and other furnaces, 

30, 168 
Smoke- Purifyer for St.eam-boiler, J. Smethurst, 127; 

Benjamin Gk>odfellow, 166 

* Smoke-Purifyer ' Grates, Beeve k Henry's, W. I. 

Henry, 55, 91, 94 

Smoke-Shades, scale of, 47 (see Frontispiece) ; 
tabulated smoke-shades from grates and stoves, 
61, 95 ; from coal-burning kitcheners, 96 ; from 
steam-boiler appliances, 118; from coals, 137, 
138, 141. 

Manchester : — Tabulated smoke-shades from 
grates and stoves, 154, 156 ; results from kit- 
chener, 158 ; from steam-boiler appliances, 
161 

Society of Arts' Medal, 9 

* Solo ' Grate, A C. Engert, 50, 89 

* Solo ' Grate, A. C. Engert k Co., 150 

Soot, in the products of combustion from grates 

and stoves, 35 ; proportion of, 40 
Special Prizes. See Awards. 

* Spiral ' Stove, Doulton k Co., 56 

Stainton, W., Frost-Proof Hot- Water Apparatus, 
117 

Stage-Furnace, Barber's, J. Farrar k Co., 28, 125, 
129 

Stanley, J. M., Hopper-fed Grate, 12, 53, 90; 
Kitchener, 96; Vertical Betort-Furnace, 127, 
129 

' Star ' Heating-Stove, J. Dunnachie, 58, 92 

Stark, J. C, k Co., Coz's Ventilating Gas Stove, 
102 ; gas cooking-stove, 109 ; special tests, 110 

Steam for Proventing Smoke : — B. W. H. Schmidt, 
steam-jets over the doorway, 123 ; L. Juillard, 
steam-inducted air-currents, 123; J. Elliott, 
steam-inducted air-currents, 123; the Great 
Britain Smoke-Consuming Company, steam- 
inducted air-curronts, 124, 128 

Steam-Boiler Appliances, Jurors' report on, 24 ; 
report of testing engineer, 118. Manchester : 
Description and results of tests, 161 

Steam-pipe, Bare, vertut Coated Steam-pipe, 168 

Steel k Garland, «Whamcliffe' Orate, 51, 89; 
' Kensington ' Grate, 54, 91 ; Bedmayne's Four- 
Pillar Stove, 58, 92 

Stobbs, W., 'Crystal' Ventilating Grate, 67, 92, 
93 ; Beebe Kitchen Range, 97 

Stoke-on-Trent, Mintons' Pottery Ovens, 30 

Stokers, Mechanical, description and results of 
tests of, 25, 129. MancheAter : 163, 166 

Stott, J. k Co., Self-Aoting Gas- Valve or Governor, 
149, 1 70 

Stoves, Close. See Ghrates, Open and Clete Stovtt, 
ah»u Gas Cooking -iStoves and Gas Seating 
Stoves, 



cc 



strode 4 Co., SclioDbeydar'a ■ SaoiUty ' Stove, 
103 

Sugg. W., & Co., QaB-and-CokB Stave. IM; Gas 
Cooking- Stove, 109.110; Stove burning Coke. 
Oas- Meter Cotnpaoy, 151 

' Sundial ' Gaa Ueating-Stove. Billing ic Co., 107 

Sunlight Stove Company, ' Sonllgbt ' Heating- 
Stove. 68, 92 ; Dutch Oven, UKI 

■ Sunliyhc' Heating- Stove, Sunlight Stove Company, 
GE. 92 

Satrey Commorolnl Doct, Hendoreon's Stoker, 163, 



TATE k Sons, Livefa ayslem of boiier-setting at 
their works, 126 
Taylor, W. P.. Oraie with Front Indraught, 49. 88 
Temperatoie in the Chimney, for graiea aJid 
Btov«a, See CAimnri/, Draught and Tempera- 

Tempersture of the Roum, for grates and stoves, 
TO. 74 ) difference of temperature, TS ; rise of 
temperature and economy of fuel as elfpcted 
by air-beating and ventilating appliaDces, TS, 
B3 ; rise of temperature at the walU, BI 

Tesiiug Boilers. See BMlert, Tetting. 

Testing Engineer. Keporta of ;— Urates and stoves, 
46 ; kitcheners, 96 ; gaa h eating -stoveB. 102 ; 
gas oouking-stoves, 109 j Dowson Gns, 112; 
heating -apparatus, 116; steam-boiler appli- 
ances, lis ; gas-engines, 132 ; fuels. 184 

ManchMter Bilubltion; grates and stoves. 
IGO; kitcheners and cooking'Stoves, 168; 
Dowsoc Gas, 160 ; steum-boiler appliances. 
161 ; heating' furnace, 168 ; Acoessory Ex- 
hibits, 169 

Testing Rooms and apparatus, 46. Uanchestert 
I no 

Testa :— Chemical tests, 3, 34,70. See Tetting 
Engineer, Ilcparti of. 

Tests of appatfltos and fnols, programme of, 3 ; 
chemical tcsis, 3, .14 ; number of tests, T, 47 ) 
testa at Mancliester, 7, 150. See Ti-iting Higi- 
nter, Reporti of. 

• Tbei mhydrlc ' Veulila' ing Orate, T. Patter ft Sons, 

48, 88, 94 
Tbompsiin Brothers, Gas-Kilns, remarks of tlie 

Jurors, 18, 19 ; Smokeless Gas Oven, 31 
Thom]ison, H., ' Smokeless ' Stove, 62 
Ttomburn, W., Petroleum Heating- Stove, 1G3, 167 
■ThomoliSe' Eange, Newton, Cbarabcrs, & Co., 97 
'Tila'QrUe, Donlton & Co., 61, 90 
'Times' ForUble CoolEing-Stove, Brown & Green, 

100 

■ Top-Feeding ' Stove, Doultou k Co., 67 
' Tortoise ' Stove, C. Portway * Son, 66 

■ Tortoise ' Laundry- Stove, Hydes & WigTuIl, ISI 

• Treasure ' Bange, T. J. Conitanline, 96, 101 



Trimgaran Colliery Company, Antlmdtes tcslcd, 



' Twin ' Smoke- Consuming Stove, Brtnra k Gicvd. 



JLSTEB ' Grate, Mosgrave k Co., S2. 90 
' Universal Domestic ' Gtut Cooking-Stoit. 
Waddell U Main, 1U9, 1G9 



YAN DRR HABBT, aiarcoal Stovi^ G8 
' Vencedor ' Grate, T. K. Psikei, GG, >l, M. 
151 
Ventilator, ' .^olos ' Spray, B. Motiti, 38 
Verrier, A. B., ■ Comet " Grate, 4B, 88 
Ticara, T. & T., Uechonical Stoker, 2S, 131 



WADDELL k Main, Dr. Siemens' Gas-aud QAt 
Fire, 106 ; Hislop's ' Metallic ' Gas-Pire. lOt: 
' Universal Domestic ' Gas Cooking-Stove, 109, 
169; special test, 110 

Wadswotth, J„ -Pioneer" Coke Store. 163; *Pk»- 
neet ' Gaa Stove, 163, 167 

Wallsend Coal osed for the tests of grata* and 
stoves, chemical oomposition, 38 ; teadlt* of 
chemical tests, 42; results of mechasical testis 
burned in grates and stoves, 68, 70, 83, 88, M, 

Water- 11 esters. Gas, desoription and tosts of, 107 
Water, Hoi, Apparalos for heating roomeby.Jaion" 

Report on, 23; testa, 115, 116 
Wavisb, J., tho ' Economiser ' Grate, 60: Dprt^ 

Orates for Steam-boilers, 37, t9G, 189 
Weardale Steam Fuel, tested, 143 
Welsh Steam Coals, testa of, 137, ISS. 141 
Welsh Steam Coals rvrnis Anthncite, 140 
Wellou's Asbestos Grid, Duncan Brothers, 133, ItS 
W6ry, E. G., Atmospheric Chimney, 89, 13«, 139 
West Ham, Oil and Steaiine Works, Stoam-ballsr 

at, for tests, 12S, 129 
* Whamcllffe ' Grate, Steel ft Garland. 6 1 , 89 
White, Wlllinm, the " Shiewsbuiy ' Warming-Ap- 
paratus, 116 
Wigner, G. W., Oas-and- Porous- Cl«y Fire, lOT: 
Wigueric Harlond'sWaler-Heaiing Appwslo*, 
small bumei, 108; Appontua with Urge 
burner, 103 
Williams & Co., DalTtyii Aberdore, and Lewis's 

Navigation Sleam Coals t«ted, 140 
Wilson, Charles, the 'New Carlton ' Gaa HeBtiag- 
Stove, 107 ; the ' Carlton ' Gas Fira, 101 i QM 
Cooking-Stove, 109, 168, 1S9 
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WIL 

Wilson Bngineering Company, Qrate, 66 ; kitchener, 

96,101 
Wilson Gas Prodncer, Bernard Dawson, 22 
* Wonderful ' Grate, Bussell^s, A. Smith k, Stevens, 

63,90,91 

Wright k. Ck>^ Bolton, test of Thomas Henderson's 

Fnmaoe-Front and Fire-door, 162 
Wright, G^ k, Co., Dr. Siemens* Gas-and-Coke Fire 

with Wright's Bivalve, 106 ; Gas-and- Anthra- 
cite Fire on Dr. Siemens* system, with Wright *s 



TAT 

BivalTC, 106; Gas-and-Ashestos Fire with 
Wright*s Bivalve, 106 
Wright, John, k Co., * Hygienic ' Ventilating- 
Stove, 48, 88 ; Gas-and- Asbestos Stove, 106 ; 
Gas Cooking-Stove, 110, 169 



YATES, Haywood, k Co., Under-fed Grate, 62, 90 ; 
Bedma3nDe*s Grate, 12, 64; Bedmayne*s 
• Miser * Stove, 67, 92 



THE ANTHRACITE COAL COMPANY, 



rjHi^ITEID. 



Head Office: GA RFIELD BUILDtHGS. 150 HOLBORN, E.C. 

AmEACITE SMOKELESS COAL. 



ANALYSIS 


'BIG vein; 


h'AUD-Cak-G I'udu 
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Noii-Vul«tileM«n«,orCoke--, WM 
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Hydrogen 
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Oiygen . 


-. ... l-» 
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The WHOLE of the 

Anthracite Coal used for the Smoke 

Abatomeot Trials and Teats was supplied by 

the AUTHRAOITE COAL COMPANY, Limited. 



EXTRACTS FROM THE SMOKE ABATEMENT COMMITTEE'S REPORT 



A» to .A.ntlii-aoite Coal Ibi- UomoMtlo Pui-poseM, 

Faoe 94 or Report uavs : — 

* Anthr«cit« lu tt fuel appears, from tha general results of testing, to be as efficient as WaJUcnd Cntl is' 

open grates, wliilat it is decidodlj' more efficient in cliue stoves. It ii also renisrlcAbly mure t>ISciont W 

gHtee ftod stoven in which a supply uf wanned fresh air is provided and delivered into the tooiu. Sut'h a 

function does not appear to be fulfilled economioaUy with Wallnend Coal as fuel.' 

AnA am to ^nthi-aoite Ooftl fbr Stoam Boiler Fiiraao«-M, 

Paob 136 SAVB :— 

'The Anthracites of the Anthracite Coal Company were, in general, rough of fracture and friafaln. 
roost ofUcient of them for the ratio of the evaporated water to the fuel, according to column 16 uf Uui Tabl^ 
was No. 7, th« "Bnui I'ein" AnthraciU, from TstradgwdaU, hy whkh 14'23fbi. ofvaUr tm* naporalal p^ 
lb. oJfiiel/Tom and at 312° F. At the end ot the eight hours' trial, there was but littla clinker and aali. aoi 
the dinker did not adhere to the fire-bars. This AnlkraciU proved, in fact, to be ofu of tft< bett <if aU " 
lanpUt liuU were tt»Ud in combining enaporalivt efficiency with maintenana ofpreaurt attdtati cfttekutg.' 

This proves that Anthracite Coal takes a high position as a fuel for all purposM, indqwndant of tlia 
advantage* of ita entire freedom from smoke, and ita economy in uae and price. 



All Or<«r* for the Anttiraott* Bmokelesa Coat shoiild be sent lo the above addrew, whwr* tt can ' 
had rif proper quality, Rod delivered in sizes auilable for every piirpoxe, and where it oui Iw seen in um 
linprovod typtw of KJIi^henvrB, Sitting-room Hrale*. Stoves, Steam Boiler Furnace, and Smith '■ Forgv. 
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Plats 6.— OPEN OBATSS. 
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Plate 40. -CIS HfJATIXG-AlTARATIfS. 
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GI^'JKUE IIALLtR JiSD I 



EltM llOT-Ain <iAS STOVE. 



Plate 42.-OAS IlEATLVO-AFPARATUS. 





WADDKt.I. AND UAIK. — DR. SIEUF.N's' 
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STEAM-BOILER APPLIANCES. 




CHUBB AND C'O, — ATMOSPHBHJC-BLAST SMOKE-PKEVENTINO BKIDGE. 




E. L, GOWTIIORPE.— saoKK-COSSUllING BRItXiB FOH STEAM- 




F\ 
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I UVBT's patent improved BOlLERa AND PURNACE COMPANY. — STEAH-BOILElt AT THE PRINTISO WOttK3 ( 
I. CLAY, aOSB, AND TAYLOR, qU«EK VICTORIA BTREBT (empLOYKD AB A Tiam«« tWtUCa W* rtlKLBt 
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Plate i&.—MAXOlIESTER EXHIBITION. 




JAFFBEY ASD CO. — SMOKE- CONS U MI NO -(JRATE. 



Pi,ATE 69.~MAA'CnESTER KXUmiTlON. 






JAI'FIiEY AND CO. SSIOKE-CilNBUlllNti OBATE. 
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A 



SMOKE 



ABATEMENT EXHIBITION. 

SOUTH KENSINGTON. 



The gold Medal and a Silver Medal 



AWAKDliD TD 



BROWN & GREEN, LIMITED, 






^^m^EERHf(. 




h-. 



^^ JAMES SLATER & CO. % 



Maniifactiirers of Patenleil HISt' 

&AS MD STEAI COOKIN& APPAEATTIS, 

For which the Highest Award in our Class has been given, and the 
only Award for high-class workmanship and materials. 



The only Apparatuses Bni'tablo for Noblemen' 
fulloivinf,' ([Uftlitios, are not duly unequalled, but unii 

PERFECTION OF COOKING, 
CLEANLINESS, 
COMFORT, 
CONVENIENCE, 

tlins justifying our clMim that by their i 



■ Geutlei 



>n's Hou^eB. and wbicb. for lll^ 
,..^ ...I, ...^ jn tiip mnrkel, t*' ■ 



■lieil by a 

ABSENCE OF HEAT IN THE KITCHEH, 

LOW COST OF WORKING, 

DURABILITY, 

EXCELLENCE OF DESIGN & FINISH 

ured tbe raftximura of efficiency and e(;miomy. 



The following list shows the variety of oar m an u fact ares, each of which has several 
qualities of excellence, prot<K;tcd by Royal Letters Patent. 



ROASTING OVENS in various sizes, 

GAS KITCHENERS, 

BOILING COPPERS, 

BOILERS FOR WATER OR STEAM, 

CIRCULATING BOILERS for Dwelling- 
houses, Conservatories, Large Insti- 
tutions.* 

• W(i -iro r.liB onlj Mntiufiiciursrs who hnvo snccoaded 



VEGETABLE STEAMERS, 
STOVES FOR HEATING ROOMS, 
BAKERS' OVENS, 
PASTRY OVEN, 
GRILLING APPARATUS, 
HOT PLATES in all sizes. 

I healing WhIit, in Inrge .^uivnlilics, bj Qu •euxmnMlIyi 



Examples of our Apparatus are at work and giving the greatest sali^action ai 



Sakdows Park, in the Tent of H.R.H. the i 

Prince of Wales. 
AncKUEi, Castle, the Seat of Hia Grace the Duib | 

of Norfolk, E.M. ' 

SoHCRSET House, rhe Keeidence of Her Grace the 

DUCnC^ of SOUKRSET. 

The CoTOTEss of Essex, 9 Belgrave Square. 
The Eakl of Zetlani., 19 Arlington Street. 
Sir Ciiarlks H. Mills, M.P., Camolford House. 
L*r.r Mills, Hillingden Court. 
Jmis StjELQitovK, E»q., ItroadwatPr Down, 
EnwAiiB Kaston. Esq., C.E,, Delalmy Street 
J. C. Hawehuaw, Knq,, C.E,, Somh Kensington. 
Alfrkb Waterhoum, Keq . UJV., Awlntect, has ordt 
BoilfiTi, Ac, for thr Turner Memorial, Liver|H«jl. 



Messrs. Glvn, Mills, Currie, &. Co, 

Messrs. Marshall & SsELannvK. 

Messrs. Maple &, Ca 

Messrs. Howell, Jaues, & Co. 

Mt-s.srs. Tars & Co. 

Itti-Ksrs. Jokes Brotuefis. 

Mewrs, W. D. & H. O. Wills. 

Hebttoiip Couktt Gaol. 

Tlic Royal Hotel, Blndtnara. 

IJailet's Hotel. 

The Lakgham Hotel. 

The MioLAsn Hotel. 

The WOBSHIPFUL CoUPAXT of DitArEKi. 

red die necessary Gm Kitchener, Baker's 




THE EAGLE RANGE. 



IMPORTANT 
ADVANTAGES V, 



t. Can ba used w Ih e the/- 
open or c ote tire 

Site of Sra otn bt n 
ereasad or d a n shad 
a( reqii red 

4. Roxsis pvfett / in fro t 





IMPORTANT 
ADVANTAGES. 



5. Dieni cah be healed 
equally in all parts, 
or an Ducasi at Ileal 



6. Very small consump- 
tion of fuel with ra- 
pidily and efUciency of 
cooking powers. 



lUlust Awards, SILVER MEDU and SPECIAL LADIES' FKIZE, !9 GlIINEAS, Internatioial Smott 
AWemait EsWbition, 188!, and I! First Prlzss wliermr slowi In Compelitlon. 

THE EAGLE RANGE & FOUNDRY CO. 

168 FLEET STREET, LONDON, E.G. 



HIGHEST AWARD, SMOKE ABATEMENT EXHIBITION, SOUTH KENSINGTON. 

RADIATOR rXnGE" COMPANY, 

43 CANNON STREET, LONDON, E.G. 
FOR TEIIE PATEIT CIRCUUR-FROIITED OPES FIRE RADIATOR RISGE. 




bsck combuslion- chamber for barQiog sfDoke, an indepen- 
dent grilling lire, and impinved veDtUator for oarrfing off 
all smelli from cook i ng. 



THERE HAS BEEN HO HIGHER AWARD GIVEN 
TO KITCHEN RANGES. 



Made is ail siiea to anit the cottage, the tnaniioo, or the 
largest public inslitation. It radiates (ire limes more (ire 
sarfacc than anj close firo raane ; can loait three joints 
before the fire limnltaneooaly; obviates baited and eoddea 
meat ; bums the amoke ; savea half the fnel ; d e> twice the 
work of any other range ; gives uniform heat in oveni regu- 
lated b; one flae only ; has an independent ^rill fire ; vemi- 
iates the kitchen to perfection ; ensures a continnilj of hoi 
bums coal, or coke, or anthracite j requires no 
building of brick-work. 



[BHEST ITill IT THI IBTERRiTIOltAL SlBITAItT EXHIBinOB, LONIIOS, 1881. 



BT HER MAJESTY'S 



ROYAL LETTERS PATEBT. 



CAPTAIN T. E. CLARKE'S 

IMPROVED SMOKE-CONSUMING 

GRATES, STOVES, & RANGES, 

MINEHEAD, SOMERSET. 



'Oaptain Olarke's 
property who are des 
loBseii tlie oousumptioa of smoke.'- 



I of the emaller olaea of 
3 Abatement Oommittee in their eadeaTouni to 

r Dbcobc. 



THE 



GRATE 



' OALORETENTER ' OPEN FIRE 

Is of the most approved tjpe, the front prqJBPling into tlio room, sud fopming a haating chamber for iha coUeclion bii'I 
Bdtniwioa of heiitml air into the npartmenL It hiia two lirnughtB — a direct np-draught lo the chimney, and a ilomi- 
diaugbt through the Sre, and thence through two aide fiuea lo the cbimaaj. The action i» limpls, only one valra, ot 
damper, being employ^ to etTact the change of draught. Bj turning a knob pUced on the top of the front, the Tal*« 
eommanicatiog with the chimney is either openod or closei On opening, the dmuBht ie drawn downworda by snfliun 
from the aide fluea, thniugb the flrn, and ga^oi are nonrly all consumetl. so that liltlp sniakg in produced, and the lighior 
prodacU of eonbuetion paia up the back through a amall intemtice. 

THE -BELL,' OR 'CURFEW GRATE, 

Is tirailar in priiii-iple in Iho ■ CaloretpniBr," nnd ia in nddition suitabb for Bncipiil Bre-ptnccs, Chnrchrs, Halle, &e. It 
can either bo uei-d oa a alow conibuslioD smoke -conauming closa Stove, or in a moniuut become a cheerlnl OLD ESULlSl! 
Open Fire Grate, 

LARGE NUMBERS IN USE, AND SALE RAPIDLY INCREASING. 

For further partioulnra &d. apply to the Inventor as above. 



SPECIALLY PATROWISED BY 



H.R.H. THE PRINCE OP WALES. 



OPACTUTtrRS 07 ' 

(E-E:C3-ISTE1K,E1I3) 



BAEMRD, BISHOP, & BAENAEDS' 

ORIQISAL AND Snr.R MA\- 

SLOW 

COMBUSTION 

specially adapted for burning 'ANTHRACITE,' or 

BmolieleM Coal, as advocated by the ' Fog and Smoke DESCRIPTIVE CATALOGUES POST FREE. | 

Committee oftbeNational Health and Kyrle Societies.' 

™ 'NORWIOH' 

STOVES, 



DESCRIPTIVE CATAI-OGUES VOBX FREE. 

Known as the 'COUNTRY PARSON'S FIRE-GRATE. 



Show Rooms: 95 QUEEN VICTORIA STREET, LONDON, Lt 



Manufactory: NORWICH. 

SMOKE ABATEMENT EXHIBITION. 

Mcur*. BA.R?fABD. BISHOP, ^ BARNARDS are in a poiition ta prirf that their Storet eM*tni*d Ut»/mt » 

gate ma grtattn' heat than any ether domeitie Qratt exhibiled, eipfeially tht • Olom' Snulu Cmeit mi iit Orttt 

{Efcrin and BariiariTi Patpn'). 



')>llMl«B_ ' 




KORTING'S 

PATENT UNIVERSAL 

INJECTOR 

FOR FEEDING BOILERS 




"Works cqBally well noa-liftiiig or Ufti»ei 
Can be mode to lift £4 feet. 
WorkB with High or Low Steam pteBsnre, 
Wen-ka with Hot or Cold Watex. 

Forces tii& water into the Boilei- coosJderaTiljr above 
point, thereby iDCxoasing the durability of tho Boiler. 






is started bt simplt ttjrning 
one: levee. 



STEAM-JET UNDEEGRATE BLOWERS 

Decrease smoke. 
Cure bad draught, 
Caufio great saving in fuel, 
Prevent the flrebara from 

bvuiiing, 
nnd are uacd with 
oqunJlr good FSBulte 
for Boilers, Gas Pro- 
ducers, an J Heating 
Furnaces in Iron, 
Stool, Chemical, and 
Olaee "Works. 





FOIt P.UITICITLARS APPLY TO 



KoRTiNG Brothers, 

17 LANCASTER AVENUE, FENNEL STREl 
MANCHESTER. 



\ 



George's Patent Gas Calorigen, 

Fon 

WARMING & VENTILATING APARTMENTS. | 



HIT puses eillinr mj hi 



The peculiHrit; of coDstnicCioa in tbiu gas atoFe. whieh dilTaHfa heat priacipall}' iij a 
■o nrrangud with re^iaid 10 the inlet (both being eitecna] to the apartmstit) tbttt ouly ii 
lequired to support and carry off thc^ prodacta of rombuBtioa. 

The hsat Keoorstwl by ramboBtion w&nnB a. thin coil of sheet iron id the interior of the stove, the coil beiag in 
eommuDication at one (tod with the i>xternal Mmosphere, and at the other with the apartment ; thou a sti eam of treab wr, 
which is warmed id its passage, is drnwa into, and eqaally diffused throughout, the apanmeDt. 

This store is Diudc id Blieet iron, and also in copper; ia auilahlu Tor warming bedroomB. sitting- rooms, ai 



Coos 



nptioD of gaa, froin 10 In 16 (let per hour, according to si»e of burner. 



I*i*ices from. ^3. 38. up-warcls. 

M.\NUFACTURER3 : 

or. F. in^A^ZR^SATIO- & GO. 

36 QUEEN STREET, LONDON, E.G. 

Who are also Makers or ttie liiipro?ed Patent Slow Combnstioii Calorigen to burn Antliracite Coal or Coke. 



To Her Maje! 
H.R.H. ihe late 



To their Royal Highnesses the 
ince and princess or Wales. 



HILL & HEY, 

Inventors, Patentees, and Sole Manufacturers of their Patent 

'EXCELSIOE SYPIOlf VENTILATOES,' 

VentiktIOD or Staircases «t HesUences a»d Kltct'ns to nmn smells ot CooLug, 

Stables, BHIiard Rooms, Cbapels, Cturches, Scluols, Factories, Weaving Sbeds, Ic, 

witboal opening Windows or an; elber Inlets. 

PATENT EXCELSIOR OUTLET VENTILATORS. 

Fi.l the eitrii-lion nf loul nlr. J,^,. whew fwh air U ^mLlle.1 by TOrtltnl tuti^ 
or otboi taoiLOM below-aud tliB> ict with of nllhoul wtnil. 

Successors to G. Watson, Esq., F.R.S.A., the Inventor, Patentee, and Sole Manufacture of Um 

'WATSON SYPHON VENT ILATORS.' , 

EST-A.BXj ISI3:E3D 18 53. I 

BKokncy, Durability, and Excellanoy of Workmanship UniqualM. t 

PRICES anil Descriptive Pamphlets, Testimonials, Ac, on applieatioa. 



I 
I 



Wi 



E EUTHERMIC VENTILATING GAS STOVE, 

ucd by FRANCIS T. BOND, M.D., B A.Lond., F.C.S., Medical Officer of Healtli, 
Gloucestershire Combined Sanitary District, 
WAS AWARDED 

A SILVER MEDAL 

' At the London Smoke Abatement Exhibition, and has also 
received the Medal of the Sanitary Institute of Great 
Britain ; a Si IverlVIedal at the Sanitary Exhibition, Brighton; 
the Silver Medal offered by the Exeter Gas Company for 
competition amongst Gas-heating Appliances generally; 
and 'Honourable Mention' by the Jurors of the Philo- 

I sophical Society of Glasgow, who speak of it in their 
Report as 'AN EXCELLENT STOVE.' 



Foil infonnation a" (o (his Stove ftnd as to Dr. Bond's other Giui-heating Appliftnoes will he 
forwarded by the Sanitary and Economic Supply AsBociation (Limited), Glonoeaier, of whom aluo 
may be obtained Dr. Bonjj's paper 'Hew to Use Gas Economically and Healthily for Heating 
Purposes," which has been translated into German at the request and nnder the sapervleion of 
Herr F. Siemens, of Dreadun. 

AWARD OF PRIZE MEDAL, SMOKE ABATEMENT EXHIBITION, SOUTH KENSINGTON, LONDON, laS!. 



CHUBB'S PATENT ATMOSPHERIC BLAST 

SMOKE-CONSUMER AND FUEL-SAVING APPARATUS. 




Tti# obj«ct ot thiB ftppATBtna 



. To aDict tbli < 






tvillen: ud bu ginn omoplMi latlifd - 



mine In tta* HininmptloD o( 



It OB !■ plunJ [n ILo bollct Ijj »nj onllnsriij tnleUljent wortaiM In tbs ipaoa nt ■ tew houri, ud Ibm It no tnlerflTtnce wluilr»er iritb 
TortimonUli al the maa flttUring ohu»«er h«T« baoi ncalTid bj the proprleUrn. »nd (h» nipuntoi to oonttmllj inorewing in nJe, 

CHUBB & CO., 28 New Bridge Street, Blackfriars, London, E.G. 








For Prion i■^d PtrtlculirM tpplf 4 

T. & T. VICAF 
LIVERPOOL. 



AW ARDED PBIZE MEDAL it m SMOKE ABATEMENT EXHIBITION, SOUTH KENSINGTON, L 0mlJ882 

TMs Machine evaporated 9.4 lbs. of water per lb. of coal— water at 110" 
with a very common slaclc, from Hinaley Field Coal Co., Wlgan, 
the price being 3/3 per ton at the Colliery. 




PROCTOR'S 

NEW PATENT 

MECHANICAL STOKER AND 
MOVABLE FIRE BARS. 



1 



ESSBSSS Upwards of 800 Boilers have been supplied 



with these Stokers. 



J. PROCTOR, PATENTEE AND MAKER. 

Tueodayi and Friduyi ^ MANCHBSTBa EXCHANGE. PiUor No. 6. J 

HAMMERTON STREET IRON WORKS, BURNLEY. 1 



7XXX3 SZ»TOX«.A.XXC, STrOZS.E:£^ 

Has been Awarded a SILVER MEDAL. 

BEING THE HIGHEST PRIZE GIVEN FOR MECHANICAL STOKERS. 

At the SHOEE ABATEMENT EXHIBITION, SOUTH KENSINQTON, LOnDON. 



PATENT MECHANICAL SELF-ACTING STOKER. 




P'A TKOIVISED UY THS^ PRINCESS 

THE ADJUSTABLE BACK FOR FIRE GBATES. MORE HEAT CONSIDERABLE LESS COAL LESS SMOKE 

Tculimonials from i'iiri.>uj parti nf thr L'ntUd Kingdom. 

IMPORTANT IN\'ENTION FOR PREVENTING WASTE IN THE CONSUMPTION OF aiALS. 



Tff/ou want the he<it from the fire In pntnt into the rtiom imte'iil of goiiu/ up the chimney try one of 

GRAYS ADJUSTABLE BACKS FOR FIRE GRATES., 

71 MILTON STREET, DORSET SQUARE, N.W. 





SMOKELESS COAL. 



rrHE WAYNE'S MERTHYR Celebrated Smokeless Coal is eminently adapted 
for Household Purposes. It is cleanly, economical (because of its great heat- 
giving power), and, because of its freedom from Smoke, the usual discomfort 
tlierefrom, as well as the danger and nuisance of sooty chimneys, is obviated. 



Gold Medal, Exposiiion General de Polilei^ ; 

Dlplome d'Honneur, Exposition Havre. 18Q8: Oiplome d'Honneur, Paris. 1875: Silver Hedal 

(Highest Award), Exposition Generale. Paris, 1878. 



THE INCREASING DEMAND FOR THIS COAL ON THE PART OF HOUSEHOLDERS AND OTHERS 
PROVES THE HIGH APPRECIATION IN WHICH IT IS HELD FOR DOMESTIC PURPOSES. 



FOR PRICES APPLY TO 

THE WAYNE'S lERTHTR COIPANT, 

Z^iiuitetl, 

BARTHOLOMEW HOUSE, BANK, E.G. 

M. INQRAM &; CO., 

IS TONMAN STREET, r)EAlSr80A.TE. 

MANCHESTER, 
SANITARY SURVEYORS, 

AX I) 

Heating & Ventilating Engineers. 

SOLE PBOPBIUTOSS OF 

JAFFREY'S PATENT SMOKE-CONSUMING OPEN FIRE GRATE, 

Which obtained the HIGHEST AWARD at llic Smoke Abatement Exhibition 
held in Manchester. 

I*rices from GO». and. up-wardet. 



CONSUMPTION OF SMOKE] 

IN P RIVATE HO USES. 

a be ftccompliahed by Improved Ventilation, without new grates or any expeneire bltcistions, y>Xm 
adopting the iyst^m patented by 

WOOD GREEN ESTATE OFFICES, WOOD GREEN, N. I 

Full particuI&Tf) on application (o 
I one of the best guanmteea m to 

Existing Grates may be rendered Comparatively Smokeless, and Good ] 
Ventilation obtained, at a cost of from 30s. each. 







FREDK DYER, 

HOT WATER, SANITARY, AND GAS ENGINEER, 

66 HIGH STREET, CAMDEN TOWN, 
XjOlsTIDOIiT, 2sr."W. 



The Advertiser calls the earnest attention of Civil Engineers, Architects, and 
Householders to the following specialities of his for which he has received the 
highest Awards at the INTERNATIONAL MEDICAL AND SANITARY EXHIBITION 
held at South Kensington, 1881. after careful examinations and tests by the 
Judges of those Sections. 

1st A Patent Hot Water AppSinitua which prevents the explosions of 
k t hen Vh ders. Its chief teatnre, and that which renden it thoroughlj 
eOicoc oUB IS the subatitution, beside the botlor, of a cylinder, furnished with a 
safety vdve nstead of the usual hot- water-circulating cistern upstairs. By this 
eiuis h t water is rendered immediately accessiUe, without waiting, aa is 
usually the case, to first empty the pipes of the cold water lying dormant in 
tl en at (I e draw-ofTs. Aaother great advantage of this system consists iu the 
fact that the water can lie made to circulate through hot-water-heatiug coils, and 
for bath a d all other purposes. 

2 d An AuliiniatiG Action Tidal or Flood Trap, for the prevention of the 
back fl w of sewage. The entrance of sea or other waters which are subject to 
H ctuat o 1 height is therefore entirely prevented from entering the sewers 
r drains They have been proved with ttie greatest pressures in cases where 
other syBten s have failed, and may be considered most efticadoua. The tide or 
flo d 1 bnckiiii; u]i tlio ,!i-.iiii, vnUtn the outgo branch, rises in the chamber, 
an 1 ] ' ■ ■"' '. '. '' < water rises, approaches the inlet or house 

u I 'i lirmly upon the seating, thus eSectually 

closing the orifice, and preventing the water 
Liiitcring tl>e building. Consequent upon 
tliis action, the greater the amount of 
nater pressure there is behind, the more 
.■■■mplotely trapped, or scaled, the trap 
liecoinea. By reason of the arm being 
always slightly inclined towards the inlet 
branch, there is no danger of the ball stick- 
ing with the arm verti(»l, or of its moving 
the wrong way. When the water subsides 
again, the ball falls with it, unsealing the 
inlet, and leaving a clear passage for the 

3rd. Besides the above special contri- 
vances, the Advertiser begs to draw the 
attention of the public to a great desidera- 
tum in tlie shape of a perfectly Air-Tight 
Manhole Cover, suitable for inspection 
chambers in drains ; grease chamber collec- 
tion covers, and, in fact, for all shafts where 
the escape of foul gases is possible. 

Prospectuses of each article can be had free upon application, and References furnished 
upon receipt i^ a note by the Advertiser. 





CLARK, BUNNETT, & CO, LIMITED, 

ENGINEERS AND FOUNDERS. 

WORKS: LONDON, P ARIS, & NEW YORK. 

SOI.i; MANUFACTURERS OF THH 

KAID KAPNOS STOVESI 

AWARDED A SILVER MEDAL, SOUTH KENSINGTON EXHIBITION, 

Being the Highest A\A'arci for Stoves Fed in the Ordinary AAi'ay. 



CATALOGUES FREE. 



MANTELS IN IRON, BRONZE, WOOD, OR FAIENCE. 
RATHBONE PLACE, W., & 90 QUEEN STREET, E.C., LONDON, 

PARIS, NEW YORK, LIVERPOOL, MANCHESTER, BIRMINGHAM, DUBLIN, &C. 



p OALBROORDALE 
COMPANY, L^?- 



SHROPSHIRE. 





most successful Anthracite Burning Grate. 
The Smokeless Fire with Bituminous Coal. 



The Silver Medal Smoke Abatement (3rate. 



IIOALBROOl^DALC 



^LONDON S^ 



lie., ^ 




International Smoke Abatement 



SOUTH KENSINGTON, Nov. li 



I 



The JuJgts hiii-o ttgnin conferred ths 

HIGHEST AWAP, THE SILVER HEDtt, 

E. H, 8H0RLAND, 

Find Warm Air Genemlirig MASCHKSTKR GRATE, • Ai !lic flbovf Orand 
cini'jii irith tlie pric.cipFil leading Mnnufacturflra of Uie World.' 
X,B,— l"('/f DilLY Tklw^baph. 

HOUSES, INFIRMARIES, HOSPITALS, SCHOOLS, or any kind of BUILDINGS, 

THOROUGHLY WARMED 

BY THE PATENT 

Manchester Grates or Stoes. 

By their use in ground-floor rooms of bouses fires in bedrooms are not raqnired. 
Thousands in use in Great Britain, Ireland, and the Continent. 

To illustrate the difference in the Warming and Ventilating Power of Warm-Air Grates, 
please read the following :- 



UNSATISFACTOHY WARMING 

Of the iiuw MimchcHter Work lion ne, Miinrheater, which ie 
not fllHd up wlrh the Maiiohwter Graloa:— 
Or. Mutr. M.M. Inspector uf the Local Gocernment, id 
hii report of the nbore. nys thnt the warmiog of the wttrds 
is rerjr dvfeccira, lU shonri in iJie vary hsarj mortnlily fram 
Jang disuuM-, no fower Ihna 320 nut of TB9 dearhs baring 
been due to bmnchitis, conenrnptioo. rind inflammatioa of 
the lungs. Additional means of wanning; wen very 
urgent]/ needid. 

Vidr th- MiKC-uiuTeR ariBotin. Aug. 26th. 18H1. 




UNSATISFACTOBY WABMIWG 

Of the new Knightebridgo Bnrmcks, where other than the 
Slancbosler Oralea are UBPd : — 
LiontoaftDt-Generiil Prendergwi, H.M.3.. mjb that it is 
impouihle for Ihese Barracks lo be warmed hj meanti of tlie 
gnttea DOW in n»e there, und Ibal the aoidierl shlrer iu thrir 
bedi under thiir liUnkrls.^l'ii/r the Uciuima Nkws. 

■ated Slieeti and Hundreds of Teitlmonlala on applloatlon. 
Warming of a Bedroom b; ibo Warm Air generated by mean* of the Hancheater Qrata flied i 

n ground floor, is far superior to anything be had seen tn hie travela eilher In Surop« 
or A.menca, and iblnki it a matter of regret that they aro not used in every house. 

In use in Palace, Jails, Churches, Billiard-Rooms, Banks, Workhouses, Mansions. Cottages, Schools, 
Police Cells, the Royal Observatory, Asylums, H.M.'s Government Offices, Barracks, dc, do. 

SHORLAND (late SHILLltO & SHORLAND), 

Sanitary Warming and Ventilating Engineer, 

THE MANCHESTER GRATE. STOVE, AND VENTILATING WORKS. 

ST. C3-JLBI2.IE]rj'S, I^dl-A-ISrailESTEK.. 




SATISFACTORY WARUINO 

Of the ne« Oldham Workhouse Inflrma^, near Han 
by means of the Hanchteter Orates : — 
Vr. pBtleraon. M.D.. sajs that ihare are 3! of the Id 
Chester Grates (now at thepr*eeutdiit«increasiid lo upward* 
of 801 in the abore Infirmary, airing to every one concerned 
the almost satia&ctioQ ; that the wants are wunn all oter, 
and absolutely free from cold draught*; that tharearo sevcml 
wards of tha following dimensions: 84 feat x 24 feet x 
12 feet high, with four of the Manchester Gra tea in each 
ward, and ihnt with the lowest flies he has never seen th« 
tsmporoture below 60" Fahr.,and that ta^ilay, with moderate 
fire*, the temperature of wsJds was standing at 70' F.ihr. 
at the most diHtant point from any Grate, and in the late 
severe fnitt, when cokes were ni'ed in the Month 
Grates Ibe temperature got up 75° fahr.. at which ixiini 
became necessary to discontinoE two of the flres,^ Vi-it 
Fiatn. Dwembar 20(b. 1879. 



